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.(<:25'6 %LRFDWDO\VLV 3URFHVV 'HYHORSPHQW .LQHWLF &KDUDFWHUL]DWLRQ %RWWOHQHFN
,GHQWLILFDWLRQ
$%675$&7 3URFHVV GHYHORSPHQW IRU ELRFDWDO\WLF UHDFWLRQV LV D FRPSOH[ WDVN GXH WR WKH
UHTXLUHG LQWHUDFWLRQ RI VHYHUDO GLIIHUHQW VFLHQWLILF GLVFLSOLQHV $GGLWLRQDOO\ WKHUH LV D ODFN RI
VWDQGDUGL]HG SURFHGXUHV IRU JXLGLQJ GHYHORSPHQW DQG IRU LGHQWLI\LQJ WKH PDMRU SURFHVV
OLPLWDWLRQV LQ WKHVH V\VWHPV 7KLV ZRUN VHHNV WR DGGUHVV WKLV SUREOHP E\ SURYLGLQJ D
PHWKRGRORJ\ EDVHG RQ D VLPSOH V\VWHPDWLF VHULHV RI H[SHULPHQWV $SSOLFDWLRQ RI WKH
PHWKRGRORJ\ KHOSV LGHQWLI\ WKH PDMRU ERWWOHQHFN IRU SURFHVV LPSOHPHQWDWLRQ ZKHWKHU LW EH
HQ]\PH DFWLYLW\ HQ]\PH VWDELOLW\ RU VXEVWUDWH PDVV WUDQVIHU ,Q DGGLWLRQ WKH XQGHUO\LQJ
PHFKDQLVPEHKLQGWKHVHOLPLWDWLRQVFDQDOVREHLQIHUUHG7KHPHWKRGRORJ\LVLOOXVWUDWHGXVLQJD
VLPXODWHG UHDFWLRQ V\VWHP DQG LV DOVR DSSOLHG WR WKUHH H[SHULPHQWDO FDVH VWXGLHV 7KLV
PHWKRGRORJ\SURYLGHVD VHWRI VLPSOHH[SHULPHQWV WKDWPD\EHSHUIRUPHGDW DQHDUO\ VWDJHRI
ELRFDWDO\WLFSURFHVVGHYHORSPHQWWRJXLGHHIIHFWLYHLPSURYHPHQWVWUDWHJLHVZKHWKHUWKH\EHYLD
SURWHLQ HQJLQHHULQJ RU UHDFWLRQ HQJLQHHULQJ 8OWLPDWHO\ WKLV VKRXOG DIIRUG IDVWHU DQG PRUH
HIILFLHQWLPSOHPHQWDWLRQRIELRFDWDO\VWVLQLQGXVWULDOSURFHVVHV
,QWURGXFWLRQ
7KH XVH RI FRQYHQWLRQDO V\QWKHWLF PHWKRGV WR SURGXFH LQWHUHVWLQJ DQG YDOXDEOH FKHPLFDO
SURGXFWV LV WRGD\ FKDOOHQJHG E\ WKH GHVLUH WR XVH VXVWDLQDEOH IHHGVWRFNV FKHDS DQG UHDGLO\
DYDLODEOHUDZPDWHULDOVIURPUHQHZDEOHVRXUFHVDQGSURFHVVHVWKDWQHFHVVLWDWHKLJKO\VHOHFWLYH
FDWDO\VLV$NH\ WHFKQRORJ\ UHTXLUHG WR LPSOHPHQW WKHVHPRUH VXVWDLQDEOHSURGXFWLRQ URXWHV LV
ELRFDWDO\VLV XVLQJ HQ]\PDWLF FDWDO\VWV RU PLFURELDO FHOOV FRQWDLQLQJ HQ]\PHV SURGXFHG E\
IHUPHQWDWLRQ %LRFDWDO\WLF SURFHVVHV FRPH ZLWK PDQ\ EHQHILWV LQFOXGLQJ WKH SRWHQWLDO WR
FDWDO\]HUHDFWLRQVDWYHU\KLJKVHOHFWLYLW\XQGHUPLOGFRQGLWLRQV'HVSLWHWKHVWURQJPRWLYDWLRQWR
LPSOHPHQWVXFKWHFKQRORJ\LQLQGXVWU\RQO\DIHZKXQGUHGSURFHVVHVKDYHEHHQFRPPHUFLDOL]HG
WR GDWH :KLOH PDQ\ SURFHVVHV KDYH EHHQ GHYHORSHG LQ WKH SKDUPDFHXWLFDO LQGXVWU\
DSSOLFDWLRQVFDQDOVREHIRXQGLQWKHIRRGIODYRUVDQGIUDJUDQFHLQGXVWU\DQGHYHQLQWKHEXON
FKHPLFDOVVHFWRU7KHGRPLQDWLQJFKDOOHQJHLQDOOWKHVHFDVHVKDVEHHQDQGFRQWLQXHVWREH
WKHFRPSOH[LW\RIWKHGHVLJQWDVN
7KHIOH[LEOHQDWXUHRIHQ]\PHVKDYHDOORZHGWKHPWRHYROYHRYHUWLPHWRILWSHUIHFWO\IRUWKHLU
UROHV LQ1DWXUHD ILW WKDW W\SLFDOO\ UHTXLUHVDEDODQFHEHWZHHQHQ]\PHDFWLYLW\DQGVWDELOLW\DV
ZHOO DV VXEVWUDWH DIILQLW\ DQG VHOHFWLYLW\ ,QPDQ\ FDVHV WKH LQWHQGHG VXEVWUDWHSURGXFW DQGRU
GHVLUHG UHDFWLRQ FRQGLWLRQV IRU LQGXVWULDO LPSOHPHQWDWLRQ RI D UHDFWLRQ RI FRPPHUFLDO LQWHUHVW
ZLOO EH GLIIHUHQW IURP WKDWZKLFK FDQ EH IRXQG LQ1DWXUH )RU H[DPSOH LQ WKH SKDUPDFHXWLFDO
LQGXVWU\ QHZ WKHUDSHXWLF WDUJHWV DUH VRXJKW ZKLFK E\ GHILQLWLRQ KDYH QRW EHHQ VHHQ LQ
1DWXUH,QDOOFDVHVWKHFRQGLWLRQVUHTXLUHGIRUFRPPHUFLDOL]DWLRQVXFKDVKLJKSURGXFWLYLW\
DQG SURGXFW FRQFHQWUDWLRQ DUH QRW WKH XVXDO FRQGLWLRQV IRU HQ]\PH FDWDO\VLV 0ROHFXODU
ELRORJ\SURYLGHVWRROVDOORZLQJWKHSRVVLELOLW\WRVZDSWKHFRQVWLWXHQWDPLQRDFLGVDQGHQDEOHV
DOWHUDWLRQ RI DQ HQ]\PH¶V SURSHUWLHV D WHFKQLTXH UHIHUUHG WR DV SURWHLQ HQJLQHHULQJ 7KH
PRGLILFDWLRQRIDQHQ]\PHE\SURWHLQHQJLQHHULQJFDQEHEHQHILFLDOWRZDUGVLPSURYLQJHQ]\PH
DFWLYLW\ DQG VWDELOLW\ DV ZHOO DV VXEVWUDWH DIILQLW\VHOHFWLYLW\ +RZHYHU WKH
PRGLILFDWLRQV UHTXLUHG DUH VSHFLILF IRU HDFK WDUJHW DQG DQ LPSURYHPHQW RI RQH SURSHUW\PD\
HYHQFRPHDW WKHH[SHQVHRIRQHRUPRUHRI WKHRWKHUV3URWHLQHQJLQHHULQJLVRQHRI WKHPRVW
YDOXDEOHIHDWXUHVRIELRFDWDO\VLVEXWIURPWKHGHVLJQSHUVSHFWLYHLWUHSUHVHQWVDQH[WUDGHJUHHRI
IUHHGRP WKDW QHHGV WR EH RSWLPL]HG )XUWKHU D UHFHQW SDSHU HPSKDVL]HG WKH QHHG IRU PXFK
JUHDWHU VSHHG WR EH DFKLHYHG LQ WKH SURWHLQ HQJLQHHULQJ PHWKRGV WKHPVHOYHV +HQFH
HVWDEOLVKLQJ D VSHFLILF SURWHLQ HQJLQHHULQJ WDUJHW IRU SURFHVV LPSURYHPHQW LV LQYDOXDEOH DW DQ
HDUO\VWDJHRIWKHGHVLJQSURFHVVEHFDXVHLWZLOOUHGXFHWKHRYHUDOOGHYHORSPHQWWLPHUHTXLUHGWR
HQJLQHHUDFDWDO\VWIRULQGXVWULDOLPSOHPHQWDWLRQ
%H\RQG WKHZRUN RQ HQJLQHHULQJ WKH HQ]\PHV WKHPVHOYHV SURFHVV GHYHORSPHQW KDV WR GDWH
EHHQSHUFHLYHG WR WDNH WRR ORQJ7KLV LV LQSDUW D FRQVHTXHQFHRI WKH H[WUDGHJUHHRI IUHHGRP
ZKLFK FRPHV IURP WKH DELOLW\ WR DOWHU WKH ELRFDWDO\VW EXW DOVR EHFDXVH RI WKH FRPSOLFDWHG
LQWHUDFWLQJSKHQRPHQDEHWZHHQWKHSK\VLFRFKHPLFDOFRPSRQHQWVRIWKHUHDFWLRQV\VWHPDQGWKH
FDWDO\VWWKDWGLFWDWHWKHFKDUDFWHULVWLFVRIDSDUWLFXODUELRFDWDO\VW
7KHFRPSOHWHGHYHORSPHQWRIDQHZSURFHVVEDVHGRQELRFDWDO\VLVUHTXLUHVWKHLQYROYHPHQWRI
DEURDGUDQJHRIVFLHQWLILFDQGHQJLQHHULQJGLVFLSOLQHV6WDUWLQJZLWKWKHLQLWLDOLGHQWLILFDWLRQRI
FDWDO\WLFDFWLYLW\IRUDGHVLUHGUHDFWLRQWKHFDQGLGDWHHQ]\PHZLOOOLNHO\UHTXLUHPRGLILFDWLRQWR
LPSURYH FDWDO\WLF SHUIRUPDQFH ZLOO QHHG WR EH WUDQVIHUUHG LQWR D KRVW IRU PRUH HIILFLHQW
SURGXFWLRQ IRUPXODWHG LQ D ZD\ WKDW LV VXLWHG IRU SURFHVV LPSOHPHQWDWLRQ HJ WKURXJK
LPPRELOL]DWLRQ FKDUDFWHUL]HG WR LGHQWLI\ UHDFWLRQ SHUIRUPDQFH XQGHU VHOHFW FRQGLWLRQV DQG
XOWLPDWHO\ ZKHQ SHUIRUPDQFH LV GHHPHG HFRQRPLFDOO\ IHDVLEOH IRU LPSOHPHQWDWLRQ D SURFHVV
ZLOO QHHG WR EH GHVLJQHG DURXQG WKH UHDFWLRQ 6LQFH HDFK RI WKHVH DVSHFWV SOD\ D UROH LQ
GHWHUPLQLQJWKHXOWLPDWHSHUIRUPDQFHRIWKHSURFHVVWKHGHYHORSPHQWSURFHVVLVW\SLFDOO\QRQ
OLQHDU ,Q RUGHU WR DFFHOHUDWH WKH HQWLUH FRXUVH RI SURJUHVVLRQ VWDQGDUGL]HGPHWKRGV DQG WRROV
VXFK DV IRU HQ]\PH SURGXFWLRQ LPPRELOL]DWLRQ DQG SHUIRUPDQFH HYDOXDWLRQZRXOG EH KLJKO\
GHVLUDEOH
7KH GHYHORSPHQW RI D ELRFDWDO\WLF SURFHVV PXVW EH VXSSRUWHG E\ HPSLULFDO H[SHULPHQWV WR
DVVHVVWKHLPSURYHPHQWVDFKLHYHGDIWHUDSSO\LQJDYDLODEOHHQJLQHHULQJWRROV)RUFHUWDLQW\SHVRI
DVVHVVPHQWWKHUHDUHZHOOHVWDEOLVKHGPHWKRGVWRSURYLGHWKHUHTXLUHGLQIRUPDWLRQ([DPSOHVRI
VXFKH[SHULPHQWVLQFOXGHPHDVXULQJUHDFWLRQSURJUHVVDIWHUDFHUWDLQUHDFWLRQWLPHVLQJOHSRLQW
PHDVXUHPHQWV RU VRFDOOHG µLQLWLDO UDWH PHDVXUHPHQWV¶ 7KH RXWSXW RI VXFK VWXGLHV LQFOXGH
NLQHWLF SDUDPHWHUV RI WKH HQ]\PH UDWH ODZ DV ZHOO DV VWDELOLW\ XQGHU GLIIHUHQW FRQGLWLRQV
$OWKRXJK ODERULRXV WKHVH W\SHV RI H[SHULPHQWV DUH XVHG H[WHQVLYHO\ WRGD\ LQ VFLHQWLILF
LQYHVWLJDWLRQVWRFKDUDFWHUL]HELRFDWDO\VWV
,QWKHFRQWH[WRISURFHVVGHYHORSPHQWWKHDERYHPHQWLRQHGPHWKRGVDUHDOVRXVHIXOWRLQIRUP
IHDVLELOLW\DVVHVVPHQWVDQGIRURSWLPL]LQJUHDFWLRQFRQGLWLRQVIRUDJLYHQV\VWHP+RZHYHUDWDQ
HDUO\ VWDJH RI SURFHVV GHYHORSPHQW WKHUH LV DOVR D QHHG WR HVWDEOLVK WKH PDLQ OLPLWDWLRQ RU
ERWWOHQHFN LQ WKH UHDFWLRQ V\VWHP RI LQWHUHVW WR JXLGH IXUWKHU FDWDO\VW SURWHLQ HQJLQHHULQJ
DQGRUSURFHVVGHYHORSPHQW:KLOHDVLPSOHPHDVXUHRIUHDFWLRQSURJUHVVDWDVSHFLILFWLPHPD\
EH VXIILFLHQW WR GHWHUPLQH WKDW DQ LPSURYHPHQW LV QHHGHG LW FDQQRW GLVWLQJXLVK ZKDW
LPSURYHPHQWLVUHTXLUHG2QWKHRWKHUKDQGDGHWDLOHGLQYHVWLJDWLRQWRIXOO\FKDUDFWHUL]HDQHZ
UHDFWLRQV\VWHPLVH[FHVVLYHDWDQHDUO\VWDJHRIGHYHORSPHQW,QVWHDGDPHWKRGLVQHHGHGWKDW
DOVRRIIHUVTXDOLWDWLYH LQIRUPDWLRQ UHJDUGLQJ WKH UHDFWLRQ V\VWHP VXFK DV WKHERWWOHQHFNXQGHU
WKH UHOHYDQW FRQGLWLRQV 8QIRUWXQDWHO\ ZKLOH WKH H[SHULPHQWDO DSSURDFKHV WR TXDQWLI\LQJ
SHUIRUPDQFH NLQHWLFV HWF DUH ZHOO HVWDEOLVKHG WKHUH LV IDU OHVV FRQVHQVXV RQ KRZ ERWWOHQHFN
DQDO\VLVVKRXOGEHDSSURDFKHG,QVWHDGSULRUNQRZOHGJHDQGDGKRFH[SHULPHQWDWLRQLVW\SLFDOO\
XVHGWRJXLGHGHYHORSPHQWHIIRUWV
,Q DQDWWHPSW WRDGGUHVV WKLVFKDOOHQJH WRZDUGV WKHZLGHU LPSOHPHQWDWLRQRIELRFDWDO\VLVZH
SUHVHQW KHUH D PHWKRGRORJ\ WR JXLGH VFLHQWLVWV DQG HQJLQHHUV WKURXJK WKH HDUO\ SURFHVV
HYDOXDWLRQVWDJH7KHDSSURDFKLV LQVSLUHGE\WKHSULRUZRUNVRI%ODFNPRQGDQG'XJJOHE\
ZKHUH KLJK TXDOLW\KLJK IUHTXHQF\PHDVXUHPHQWVZHUH XVHG WR GHWHUPLQH G\QDPLF FKDQJHV LQ
FDWDO\WLFDFWLYLW\RYHUWKHFRXUVHRIDUHDFWLRQDQGWKXVHOXFLGDWHFDWDO\WLFPHFKDQLVPV+RZHYHU
WKHDSSURDFKZHKDYHWDNHQJRHVDVWHSIXUWKHUUHO\LQJRQVWDQGDUGL]HGSORWVRIUHDFWLRQSURJUHVV
DJDLQVW UHDFWLRQ WLPH VLPLODU WR DQ HDUO\ DSSURDFK E\ 6HOZ\Q %XLOGLQJ RQ 6HOZ\Q¶V ZRUN
ZKLFK LV D PHWKRG WR LGHQWLI\ ELRFDWDO\VW LQDFWLYDWLRQ ZH KDYH DGGHG H[SHULPHQWV WR
GLVWLQJXLVKEHWZHHQOLPLWDWLRQVLQPDVVWUDQVIHUELRFDWDO\VWNLQHWLFVDQGVWDELOLW\DVZHOODVWKH
XQGHUO\LQJ PHFKDQLVPV EHKLQG WKHVH SKHQRPHQD 7KLV DSSURDFK HQDEOHV WKH XVH RI D IHZ
UHODWLYHO\VLPSOH ODERUDWRU\H[SHULPHQWV WRJXLGHDQGLQIRUPQRWRQO\SURWHLQHQJLQHHULQJDQG
SURFHVV GHVLJQ HIIRUWV EXW XOWLPDWHO\ WR DVVHVV WKH IHDVLELOLW\ RI VFDOLQJ VXFK SURFHVVHV IRU
LQGXVWULDO LPSOHPHQWDWLRQ 7KLV LV SDUWLFXODUO\ LPSRUWDQW LQ ELRFDWDO\VLV VLQFH VFUHHQLQJ DW D
ODERUDWRU\ VFDOH XQOHVV VSHFLILFDOO\ WDUJHWHG UDUHO\ GLVWLQJXLVKHV PXOWLSOHWUDLWV XQGHU
LQGXVWULDOO\UHOHYDQWFRQGLWLRQV+HQFHZHDUJXHWKDWXVLQJVXFKDPHWKRGRORJ\DWDQHDUO\VWDJH
VKRXOG HQDEOH VWUDWHJLF GHFLVLRQV WR EHPDGH SULRU WR VLJQLILFDQW UHVHDUFK LQYHVWPHQW WKHUHE\
UHGXFLQJFRVWVDQGLQFUHDVLQJFRQILGHQFHLQWKHGHFLVLRQVPDGH/DVWO\LWRXJKWWREHPHQWLRQHG
WKDW WKLV PHWKRG RQO\ SHUWDLQV WR H[SHULPHQWDOO\ FKDUDFWHUL]LQJ DYDLODEOH HQ]\PHV WRZDUGV D
SURFHVV SHUIRUPDQFH LQ ERWK D TXDOLWDWLYH DQG TXDQWLWDWLYH PDQQHU DQG GRHV QRW DGGUHVV WKH
VXEVHTXHQWSURWHLQHQJLQHHULQJRUUHDFWLRQRSWLPL]DWLRQHIIRUWV
7KH PHWKRGRORJ\ SUHVHQWHG LQ WKLV VWXG\ LV EDVHG RQ WKH JUDSKLFDO DQDO\VLV RI UHDFWLRQ
WUDMHFWRULHV7KHPHWKRGRORJ\LVLOOXVWUDWHGWKURXJKVLPXODWHGUHDFWLRQVEDVHGRQUHOHYDQWPRGHOV
IRU HQ]\PHNLQHWLFV DQG VWDELOLW\ DVZHOO DVPDVV WUDQVIHU OLPLWDWLRQVZLWK WKHRU\ SURYLGHG WR
H[SODLQWKHXQGHUO\LQJSKHQRPHQD6XEVHTXHQWO\LWKDVEHHQDSSOLHGWRH[SHULPHQWDOGDWDIURP
WKUHHVHSDUDWHFDVHVWXGLHVHDFKSUHVHQWHGLQWKH5HVXOWVDQG'LVFXVVLRQVHFWLRQ
7KHRUHWLFDO%DVLV
7KHSURJUHVVLRQRIDUHDFWLRQ±KRZWKHFRQYHUVLRQRIVXEVWUDWHWRSURGXFWRFFXUVRYHUWLPH±
LVGHSHQGHQWRQUHDFWLRQNLQHWLFVZKLFK LQ WXUQDUHGLFWDWHGE\ WKHFRPSRVLWLRQRI WKH UHDFWLRQ
PL[WXUHDWDQ\JLYHQWLPHDVZHOODVDQ\HIIHFWVWKDWDFFXPXODWHRYHUWLPH,QSDUWLFXODUWKHUDWH
RI D ELRFDWDO\WLF UHDFWLRQ LV GHWHUPLQHG E\ WKH UHDFWLRQ FRPSRVLWLRQ DV GLFWDWHG E\ HQ]\PH
NLQHWLFVDQGDQ\PDVVWUDQVIHUOLPLWDWLRQVEXWFDQDOVREHDIIHFWHGE\ORVVRIFDWDO\WLFDFWLYLW\
WKDWRFFXUVRYHUWKHFRXUVHRIWKHUHDFWLRQ
'LIIHUHQW H[SHULPHQWDO DSSURDFKHV ZLOO OHDG WR GLIIHUHQW UHVXOWV DQG HPSKDVL]H GLIIHUHQW
DVSHFWV RI WKH SHUIRUPDQFH RI D UHDFWLRQ V\VWHP )RU H[DPSOH VLQJOHSRLQW H[SHULPHQWV
DJJUHJDWHDOOHIIHFWVLQWRDVLQJOHQXPEHU±FDWDO\VWNLQHWLFVDQGPDVVWUDQVIHUOLPLWDWLRQVERWK
RIZKLFKPD\FKDQJHZLWKUHDFWLRQFRPSRVLWLRQDQGDQ\ORVVRIFDWDO\VWDFWLYLW\RYHUWKHFRXUVH
RIWKHUHDFWLRQGXHWRLQDFWLYDWLRQ,QLWLDOUDWHH[SHULPHQWVRQWKHRWKHUKDQGFDQLVRODWHHIIHFWV
RQ UHDFWLRQ NLQHWLFV EXW FDQQRW DFFRXQW IRU WKH DFFXPXODWHG HIIHFW RI UHDFWLRQ WLPH )XOO\
FKDUDFWHUL]LQJ WKH LPSDFW RI FKDQJLQJ UHDFWLRQ FRPSRVLWLRQ RQ UHDFWLRQ SHUIRUPDQFH RYHU WKH
HQWLUHUHDFWLRQUHTXLUHVH[WHQVLYHH[SHULPHQWDWLRQZLWKWKHLQLWLDOUDWHDSSURDFK,QDQDVVHVVPHQW
RI WKHIXOOUHDFWLRQSURJUHVVLRQDOOHIIHFWVDUHDJJUHJDWHGLQHDFKLQGLYLGXDOGDWDSRLQW MXVWDV
IRU VLQJOH SRLQW H[SHULPHQWV +RZHYHU WKH ZD\ WKH HIIHFWV LQWHUDFW WR GHILQH WKH UHDFWLRQ
WUDMHFWRU\ WKH VKDSH RI WKH UHDFWLRQ FXUYH LV GLVWLQFWLYH WKRXJKQRW QHFHVVDULO\ XQLTXH IRU D
JLYHQGRPLQDWLQJSKHQRPHQDLQDUHDFWLRQ7KHDFFXUDF\LQGHWHUPLQLQJWKHVKDSHRIDUHDFWLRQ
WUDMHFWRU\ LV HQKDQFHG WKURXJK KLJKHU IUHTXHQF\ PHDVXUHPHQWV VXFK DV WKRVH ZKLFK GLUHFW
RQOLQHDQDO\WLFDOWHFKQLTXHVFDQSURYLGH
7+(5($&7,213/27 ,QDQ\NLQHWLFVWXG\ LQYROYLQJELRFDWDO\VLV LW LVFRPPRQWRVHHDW
OHDVW RQH SORW RI WKH UHDFWLRQ FRXUVH 7KH UHDFWLRQ SORW FDQ EH XVHG WR LOOXVWUDWH KRZ WKH
SHUIRUPDQFH FKDQJHVRYHU WKH FRXUVHRI WKH UHDFWLRQ DQG WR VKRZ WKH UHODWLYHSHUIRUPDQFHRI
GLIIHUHQWFDVHVE\SORWWLQJWKHPWRJHWKHU7KLVUHDFWLRQSORWLVDFWXDOO\WKHLQWHJUDWHGIRUPRIWKH
NLQHWLFV UDWH ODZ DQG VKRZV KRZ WKHVH FKDQJH ZLWK WLPH DQG UHDFWLRQ SURJUHVV VXEVWUDWH
FRQYHUVLRQ$V H[SODLQHG IXUWKHU LQ WKHPHWKRGRORJ\ VHFWLRQ WKH FKDUDFWHULVWLF UHVSRQVH RI D
UHDFWLRQ V\VWHP WR FKDQJHV LQ UHDFWLRQ HQYLURQPHQW PDNHV LW SRVVLEOH WR GLVWLQJXLVK WKH
GRPLQDWLQJXQGHUO\LQJSKHQRPHQDLQDJLYHQFDVH
2QHRI WKHIHZUHODWLYHO\ZHOOHVWDEOLVKHGJUDSKLFDOPHWKRGVIRUUHDFWLRQFRXUVHDQDO\VLV LQ
ELRFDWDO\VLVZDV LQWURGXFHG E\ 6HOZ\Q DQG FRZRUNHUV 7KH EDVLV IRU WKHLU DSSURDFKZDV WR
FRPSDUH UHDFWLRQ WUDMHFWRULHV REWDLQHG XVLQJ GLIIHUHQW ELRFDWDO\VW FRQFHQWUDWLRQV WR LGHQWLI\
HQ]\PHLQDFWLYDWLRQRYHUWKHFRXUVHRIWKHUHDFWLRQ7KHUDWHRIDUHDFWLRQFRQWUROOHGSXUHO\E\
HQ]\PHNLQHWLFVLVGHSHQGHQWRQO\RQUHDFWLRQFRPSRVLWLRQDQGWKHDPRXQWRIDYDLODEOHFDWDO\VW
,Q WKHDEVHQFHRIRWKHUHIIHFWV WKH UDWHRI UHDFWLRQVKRXOG WKHUHIRUHEHGLUHFWO\SURSRUWLRQDO WR
WKHELRFDWDO\VWORDG'HYLDWLRQIURPWKLVEHKDYLRULVDQLQGLFDWLRQWKDWWKHUHDFWLRQLVDGGLWLRQDOO\
LQIOXHQFHGE\WLPHGHSHQGHQWHIIHFWV
6HOZ\Q¶V DSSURDFK LVRQHH[DPSOHRIDTXDOLWDWLYHDQDO\VLVRI UHDFWLRQGDWDZKLFKSURYLGHV
VSHFLILF LQIRUPDWLRQ DERXW D UHDFWLRQ V\VWHP ZKHWKHU LW LV OLPLWHGE\ FDWDO\VW VWDELOLW\RUQRW
PRUH HIIHFWLYHO\ WKDQ WKH WUDGLWLRQDO TXDQWLWDWLYH DSSURDFK ,Q WKLV FDVH WKH FDWDO\VW ORDGZDV
PRGLILHGWRDGMXVWWKHUHDFWLRQWUDMHFWRU\±WKHSORWRIVXEVWUDWHFRQYHUVLRQDVDIXQFWLRQRIWLPH
,Q6HOZ\Q¶VDSSURDFKWKHUHDFWLRQWUDMHFWRU\LVPRGLILHGE\DGMXVWLQJWKHUHDFWLRQWLPHUHTXLUHG
WR UHDFK D JLYHQ FRQYHUVLRQ 7KLV DOORZV WKH LGHQWLILFDWLRQ RI WLPHGHSHQGHQW HIIHFWV LQ WKH
V\VWHPZLWKLGHDOO\RQO\WZRH[SHULPHQWV$WKLUGRXWFRPHRIWKLVH[SHULPHQWLVDOVRSRVVLEOH
ZKHUH WKH RYHUDOO UHODWLYH SHUIRUPDQFH EHFRPHVZRUVH DW KLJKHU FDWDO\VW ORDG7KLV FDQ RFFXU

ZKHQWKHDYDLODELOLW\VROXELOLW\RUUDWKHUUDWHRIVXSSO\RIVXEVWUDWHWRWKHFDWDO\VWLVOLPLWLQJ
DQGWKHUHIRUHZRXOGEHDQLQGLFDWLRQRIPDVVWUDQVIHUOLPLWDWLRQVLQWKHUHDFWLRQV\VWHP
7KH VHFRQG SDUDPHWHU ZKLFK KDV D SUHGLFWDEOH LPSDFW GHSHQGHQW RQ WKH GRPLQDWLQJ
SKHQRPHQDLVWKHLQLWLDOVXEVWUDWHORDG$VIRUWKHFDWDO\VWORDGFKDQJLQJWKHVXEVWUDWHORDGZLOO
DOVR JHQHUDOO\ FKDQJH WKH WLPH UHTXLUHG WR DFKLHYH D JLYHQ FRQYHUVLRQ 7KLV FDQ EH XVHG WR
GLVWLQJXLVK XQGHUO\LQJ PHFKDQLVPV IRU WKH PDLQ OLPLWDWLRQV DQG LV H[SODLQHG IXUWKHU LQ WKH
PHWKRGRORJ\VHFWLRQDQGGHPRQVWUDWHGLQWKHFDVHVWXGLHV
,Q WKLV VWXG\RQO\ WKH LPSDFWVRI FDWDO\VW DQG VXEVWUDWH ORDGRQ WKH UHDFWLRQ WUDMHFWRU\ KDYH
EHHQFRQVLGHUHG:KLOHRWKHUSDUDPHWHUVVXFKDVS+DQGWHPSHUDWXUHFRXOGDOVREHRILQWHUHVWLW
LV LPSRUWDQW WR QRWH WKDW WKH PHWKRG XVHG KHUH UHOLHV RQ D ZHOOXQGHUVWRRG OLQN EHWZHHQ WKH
YDULHG SDUDPHWHU DQG WKH WZR IXQGDPHQWDO YDULDEOHV XVHG LQ WKH DQDO\VLV UHDFWLRQ WLPH DQG
FRQYHUVLRQ
$ ILQDO SRLQW UHJDUGLQJ WKH XVH RI UHDFWLRQ WUDMHFWRULHV WR GLVWLQJXLVK EHWZHHQ OLPLWLQJ
SKHQRPHQD LV WKH QRUPDOL]DWLRQ RI SORW D[HV WR DLG YLVXDO DQDO\VLV:H SURSRVH WKDW D[HV DUH
QRUPDOL]HGEDVHGRQWKHSDUDPHWHUPRGLILHGEHWZHHQH[SHULPHQWVVXFKWKDWIRUµSXUH¶EHKDYLRU
WKH SORWV VXSHULPSRVH RQ HDFK RWKHU 7KH VLPSOHVW H[DPSOH RI WKLV LV WKH DOUHDG\ PHQWLRQHG
6HOZ\QSORW+HUH WKH WLPHD[LV LVQRUPDOL]HGE\PXOWLSO\LQJ LWE\ WKH FDWDO\VW ORDGZLWK WKH
H[SHFWHGUHVXOWWKDWH[SHULPHQWDOVHULHVDWGLIIHUHQWELRFDWDO\VWORDGLQJVZLOORYHUODSLIWKHUHDUH
QRWLPHGHSHQGHQWHIIHFWV
,QRUGHUWRLQYHVWLJDWHWKHHIIHFWRIVXEVWUDWHFRQFHQWUDWLRQLWLVDOVREHQHILFLDOWRQRUPDOL]HWKH
D[HV EDVHG RQ VXEVWUDWH FRQFHQWUDWLRQ 5HDFWLRQ SURJUHVV VKRXOG WKXV EH SUHVHQWHG XVLQJ D
UHODWLYH PHDVXUH VXFK DV IUDFWLRQDO FRQYHUVLRQ ; RU UHDFWLRQ \LHOG UHODWLYH WR D WKHRUHWLFDO
PD[LPXP+RZHYHULWLVDOVRQHFHVVDU\WRQRUPDOL]HWKHUHDFWLRQWLPHGXUDWLRQ7KLVIROORZV

IURPWKHFRQGLWLRQWRQRUPDOL]HRQ
SXUH
EHKDYLRULIWKHDFWLYLW\RIWKHFDWDO\VWLVLQGHSHQGHQWRI
WKH VXEVWUDWH FRQFHQWUDWLRQ WKH WLPH UHTXLUHG WR UHDFK D JLYHQ QRUPDOL]HG UHDFWLRQ SURJUHVV
VKRXOGEHSURSRUWLRQDOWRWKHDPRXQWRIVXEVWUDWHWREHFRQYHUWHG
68**(67(' 25'(5 2) ,19(67,*$7,21 $V GLVFXVVHG WKH SULPDU\ OLPLWDWLRQV RI D
ELRFDWDO\WLF UHDFWLRQ V\VWHP FDQ EH GLVWLQJXLVKHG E\ DQDO\VLV RI UHDFWLRQ WUDMHFWRULHV REWDLQHG
WKURXJKWKHV\VWHPDWLFYDULDWLRQRINH\UHDFWLRQSDUDPHWHUV)LUVWOLPLWDWLRQVRIHQ]\PHNLQHWLFV
VWDELOLW\DQGPDVVWUDQVIHUFDQEHGLVWLQJXLVKHGWKURXJKWKHYDULDWLRQRIFDWDO\VWORDG6HFRQGO\
GLVWLQFWLRQVEHWZHHQXQGHUO\LQJPHFKDQLVPVFDQWKHQEHPDGHE\YDU\LQJWKHVXEVWUDWHORDG,W
LV LPSRUWDQW WR UHFRJQL]H WKDW WKH XQGHUO\LQJ PHFKDQLVP FDQ EH PDVNHG E\ WKH GRPLQDWLQJ
OLPLWDWLRQ)RUH[DPSOHOLWWOHRUQRXVHIXOLQIRUPDWLRQUHJDUGLQJWKHFDWDO\VWNLQHWLFVRUVWDELOLW\
FDQEHJOHDQHGIURPDVXEVWUDWH ORDGH[SHULPHQW LQDV\VWHPWKDW LVSULPDULO\ OLPLWHGE\PDVV
WUDQVIHU:HWKHUHIRUHVXJJHVWWKDWWKHPDLQOLPLWDWLRQLVILUVWGHWHUPLQHGXVLQJWKHFDWDO\VWORDG
H[SHULPHQW,ILWWXUQVRXWWKDWPDVVWUDQVIHULVWKHPDLQOLPLWDWLRQWKHUHDFWLRQV\VWHPVKRXOGEH
PRGLILHG WR DGGUHVV WKLV OLPLWDWLRQ EHIRUH IXUWKHU LQYHVWLJDWLRQ RI WKH FDWDO\VW SURSHUWLHV DUH
DWWHPSWHGHJFKDQJLQJWKHPL[LQJFRQGLWLRQVVFDOLQJXSWKHUHDFWLRQIRULPSURYLQJJDVOLTXLG
PDVVWUDQVIHURUE\LPSOHPHQWLQJDUHDFWRUGHVLJQWKDW LPSURYHVPDVVWUDQVIHU/LNHZLVH
VLJQLILFDQWDFWLYLW\ORVVRYHUWKHFRXUVHRIWKHUHDFWLRQDIIHFWVWKHDQDO\VLVRINLQHWLFV,QRUGHUWR
HQVXUHQRVHFRQGDU\HIIHFWVWKHDXWKRUVVXJJHVWWKDWSUHOLPLQDU\VWXGLHVDUHFDUULHGRXWWRHQVXUH
WKDWWKHHQ]\PHLVVWDEOHRYHUWKHFRXUVHRIWKHUHDFWLRQWUDMHFWRU\PHDVXUHPHQWV
7KH LPSDFW RI WKH WZR SDUDPHWHUV ELRFDWDO\VW ORDG DQG VXEVWUDWH FRQFHQWUDWLRQ RQ WKH
GLIIHUHQW OLPLWDWLRQV LV LOOXVWUDWHG LQ )LJXUH )RU WKH SXUSRVHV RI WKH LOOXVWUDWLRQ LW KDV EHHQ
DVVXPHG WKH FDWDO\VW NLQHWLFV DUH GRPLQDWHG E\ VXEVWUDWH ELQGLQJ WR D FHUWDLQ SRLQW XS WR WKH
RUGHURIPDJQLWXGHRI.0EH\RQGZKLFKLWRSHUDWHVXQGHUIXOO\VDWXUDWHGFRQGLWLRQVXQWLODERYH

D FHUWDLQ FRQFHQWUDWLRQ WKH VXEVWUDWH RU SURGXFW FDXVHV LQKLELWLRQ 7KHVH WZR HIIHFWV DUH
LQGHSHQGHQWRIWKHHQ]\PHFRQFHQWUDWLRQDQGWKHUHIRUHWKHOLPLWLQJYDOXHVUXQSDUDOOHOWRWKH\
D[LV7KHFDWDO\WLFUDWHLVSURSRUWLRQDOWRWKHHQ]\PHORDGXSWRDSRLQWEH\RQGZKLFKVXEVWUDWH
PDVV WUDQVIHU FDQ EHFRPH D OLPLWLQJ IDFWRU $Q LQFUHDVH LQ VXEVWUDWH ORDG UHVXOWV LQ LQFUHDVHG
PDVV WUDQVIHU DQGFRQVHTXHQWO\PRYHV WKH OLPLWDWLRQ WRFDWDO\VW ORDG)LQDOO\ WKH UHDFWLRQFDQ
DOVR EH OLPLWHG E\ FDWDO\VW VWDELOLW\ 6LQFH WKH UHDFWLRQ WLPH ZLOO VFDOH ZLWK WKH FDWDO\VW ORDG
OLQHDUO\XQGHU]HURRUGHUNLQHWLFV WKHDPRXQWRIHQ]\PHUHTXLUHGLQ WKHDEVHQFHRIVWDELOLW\
OLPLWDWLRQVLVSURSRUWLRQDOWRWKHVXEVWUDWHORDG
,QWKHJLYHQH[DPSOHWKHV\VWHPLVOLPLWHGE\GLIIHUHQWIDFWRUVXQGHUGLIIHUHQWFRQGLWLRQVLH
FRPELQDWLRQVRIVXEVWUDWHDQGFDWDO\VWORDG,QWKLVFDVHWKHUHLVDOVRDODUJHGRPDLQZKHUHWKH
UDWH RI UHDFWLRQ LV RQO\ OLPLWHG E\ WKH NFDW DQG FDWDO\VW ORDG FRPPRQO\ UHIHUUHG WR DV 9PD[
 NFDWîHQ]\PH FRQFHQWUDWLRQ 2I FRXUVH QRW DOO RI WKH LQGLFDWHG GRPDLQVOLPLWDWLRQV ZLOO
QHFHVVDULO\ EH UHOHYDQW LQ D JLYHQ FDVH ,Q DQ DWWHPSW WR JHQHUDOL]H )LJXUH SURYLGHV D
FRQFHSWXDO EOXHSULQW RI DQ H[SHFWHG UHJLPH PDS WKDW FDQ JXLGH WKH FKDQJHV LQ HQ]\PH RU
VXEVWUDWH ORDGLQJ ZKLFK DQ H[SHULPHQWDOLVW VKRXOG PDNH LQ RUGHU WR EH DEOH WR HYDOXDWH WKH
GLIIHUHQWERWWOHQHFNV

)LJXUH&RQFHSWXDOUHJLPHPDSLOOXVWUDWLQJWKHGLIIHUHQWW\SHVRISURFHVVOLPLWDWLRQVDQGKRZ
WKH\UHODWH WRVXEVWUDWHDQGELRFDWDO\VWFRQFHQWUDWLRQORDG$ ,QKLELWLRQ%0DVVWUDQVIHU&
.LQHWLFDOO\OLPLWHG'6WDELOLW\
(1=<0(.,1(7,&6/LPLWDWLRQVLQFDWDO\VWNLQHWLFVFDQEHLQWURGXFHGWKURXJKDQXPEHURI
PHFKDQLVPV ,Q WKLV VWXG\ WKHVH KDYH EHHQ JURXSHG DV EHLQJ UHODWHG WR VXEVWUDWH ELQGLQJ
FRPSHWLWLYH LQKLELWLRQ RI VXEVWUDWH ELQGLQJ E\ WKH SURGXFW FRPSHWLWLYH LQKLELWLRQ E\ D VHFRQG
VXEVWUDWH DQG QRQFRPSHWLWLYH LQKLELWLRQ 7KH HIIHFW RI WKHVH RQ WKH UHDFWLRQ WUDMHFWRU\ LV
LOOXVWUDWHGLQWKH0HWKRGRORJ\VHFWLRQ
7RXQGHUVWDQG WKH LPSDFWRIHDFKNLQHWLFPHFKDQLVP LW LV LQVWUXFWLYH WRFRQVLGHU0LFKDHOLV
0HQWHQVLQJOHVXEVWUDWHHQ]\PHNLQHWLFVDVVKRZQLQHT
ௗௌ
ௗ௧
ൌ െ ௞೎ೌ೟ήாሺ௧ሻήௌ
௄ಾାௌ
ൌ െ ௞೎ೌ೟ήாሺ௧ሻ಼ಾ
ೄ ାଵ
 HT
7KLVLVWKHVWDQGDUG0LFKDHOLV0HQWHQUDWHODZDUUDQJHGWRLOOXVWUDWHWKHLQWHUDFWLRQEHWZHHQ
WKH ELQGLQJ FRHIILFLHQW .0 DQG WKH VXEVWUDWH FRQFHQWUDWLRQ7KH H[SUHVVLRQ LQGLFDWHV WKDW WKH

UDWH RI VXEVWUDWH FRQVXPSWLRQ LV GLUHFWO\ SURSRUWLRQDO WR WKHPD[LPXP DFWLYLW\ RI WKH FDWDO\VW
NFDWDQGWKHFRQFHQWUDWLRQRIDFWLYHFDWDO\VWSUHVHQW(W,QFDVHVZKHUH6!!.0WKHQ.0FDQ
EHQHJOHFWHGPDNLQJWKHUDWHHIIHFWLYHO\LQGHSHQGHQWRIWKHVXEVWUDWHFRQFHQWUDWLRQ]HURRUGHU
NLQHWLFV2QWKHRWKHUKDQGZKHQ6.0WKHUDWHODZWHQGVWRZDUGVILUVWRUGHUNLQHWLFVZLWK
UDWHFRQVWDQWNFDW.0(W
$UHDFWLRQOLPLWHGE\VXEVWUDWHELQGLQJLVRQHZKHUHWKHVXEVWUDWHELQGLQJUHGXFHVWKHUDWHRI
UHDFWLRQ FRQVLGHUDEO\ RYHU WKH FRXUVH RI WKH UHDFWLRQ $ VLPLODU HIIHFW FDQ EH REVHUYHG IRU
FRPSHWLWLYH LQKLELWLRQ E\ FRVXEVWUDWH RU SURGXFW ZKLFK HIIHFWLYHO\ DFWV WR LQFUHDVH WKH
DSSDUHQW .0 %\ FRQWUDVW QRQFRPSHWLWLYH LQKLELWLRQ E\ HLWKHU FRPSRQHQW ZLOO UHGXFH WKH
PD[LPXPDFWLYLW\RIWKHFDWDO\VWHIIHFWLYHO\UHGXFLQJWKHDSSDUHQWNFDW7KHIRUPDOHTXDWLRQV
GHVFULELQJWKHVHHIIHFWVIRUVOLJKWO\PRUHFRPSOH[VXEVWLWXWHGHQ]\PHNLQHWLFVDUHJLYHQLQWKH
0DWHULDOVDQG0HWKRGVVHFWLRQ
(1=<0(67$%,/,7</RVVRIHQ]\PHDFWLYLW\RYHUWKHFRXUVHRIDUHDFWLRQFDQEHLQGXFHG
WKURXJKDQXPEHURIPHFKDQLVPVZKLFKSRWHQWLDOO\FDQEHYHU\FRPSOH[)RU WKHSXUSRVHVRI
WKLV VWXG\ ZH KDYH FRQVLGHUHG WKUHH FDWHJRULHV RI LQDFWLYDWLRQ H[SRQHQWLDO GHFD\ ILUVWRUGHU
UHODWLYH WR WKH FRQFHQWUDWLRQ RI DFWLYH FDWDO\VW LQGHSHQGHQW RI WKH UHDFWLRQ H[SRQHQWLDO GHFD\
LQGXFHGE\WKHUHDFWLRQSURGXFWDQGWRWDOWXUQRYHUQXPEHU771UHODWHGLQDFWLYDWLRQ
([SRQHQWLDO FRQYHUVLRQLQGHSHQGHQW GHFD\ RI HQ]\PH DFWLYLW\ LV UHODWHG WR UDQGRP
PRGLILFDWLRQVWRWKHSURWHLQVWUXFWXUHWKDWUHQGHUWKHHQ]\PHLQDFWLYH7KLVFDQEHIRUH[DPSOH
XQIROGLQJRIWKHSURWHLQRUPRGLILFDWLRQRIVHQVLWLYHNH\DPLQRDFLGV7KHVHPHFKDQLVPVFDQ
EH VWURQJO\ GHSHQGHQW RQ UHDFWLRQ SDUDPHWHUV VXFK DV WHPSHUDWXUH S+ DQG WKH SUHVHQFH RI
VROYHQWV LQ WKH UHDFWLRQ V\VWHP $V DOUHDG\ PHQWLRQHG WKLV W\SH RI LQDFWLYDWLRQ LV ILUVWRUGHU

UHODWLYHWRWKHFRQFHQWUDWLRQRIDFWLYHHQ]\PHZKLFKJLYHVWKHLQWHJUDWHGH[SRQHQWLDOH[SUHVVLRQ
IRUUHPDLQLQJHQ]\PHDFWLYLW\DVVKRZQLQHT
ܧሺݐሻ ൌ ܧ଴ ή ݁ି௞೏ή௧ HT
ZKHUH W LV WKH UHDFWLRQ WLPHNG LV WKH UDWH FRQVWDQW IRU LQDFWLYDWLRQ( LV WKH LQLWLDO HQ]\PH
FRQFHQWUDWLRQDQG(WWKHHQ]\PHFRQFHQWUDWLRQDWWLPHW
3URGXFWLQGXFHG H[SRQHQWLDO GHFD\ LV VLPLODU WR WKH FRQYHUVLRQLQGHSHQGHQW PHFKDQLVP
KRZHYHU LQ WKLV FDVH WKH UHDFWLRQ SURGXFW RU D OLQNHG FRPSRQHQW DFWV WR SURPRWH WKH
LQDFWLYDWLRQ LQ VRPH ZD\ ,Q HIIHFW NG LQ HT EHFRPHV GHSHQGHQW RQ WKH FRQFHQWUDWLRQ RI
UHDFWLRQ SURGXFW ,Q WKLV VWXG\ D SURSRUWLRQDO UHODWLRQVKLS EHWZHHQ VWDELOLW\ DQG SURGXFW
FRQFHQWUDWLRQKDVEHHQDVVXPHGDOWKRXJKRWKHUGHSHQGHQFLHVDUHSRVVLEOH
7KHODVWPHFKDQLVP771UHODWHGLQDFWLYDWLRQGRHVQRWLPSO\WKDWHDFKFDWDO\VWPROHFXOHZLOO
FRQYHUWDVSHFLILFQXPEHURIVXEVWUDWHPROHFXOHVEXWUDWKHUWKDWWKHUDWHRIGHFD\LVOLQNHGWRWKH
UDWHRIFDWDO\VLV7KLVLVUHOHYDQWIRUUHDFWLRQVZKRVHFDWDO\WLFPHFKDQLVPSURGXFHVLQWHUPHGLDWH
VSHFLHVRUFDWDO\VWFRQIRUPDWLRQVWKDWDUHSURQHWRUHVXOWLQFDWDO\VWLQDFWLYDWLRQ
0$6675$16)(5/,0,7$7,2167KHODVWPDLQW\SHRIOLPLWDWLRQFRQVLGHUHGLQWKLVVWXG\
LVPDVVWUDQVIHURUUDWKHUWKHUDWHRIVXEVWUDWHVXSSO\WRWKHFDWDO\VW,WVKRXOGEHPHQWLRQHGWKDW
IRUKRPRJHQHRXVEDWFKUHDFWLRQVLQDVLQJOH DTXHRXVSKDVHZLWKVROXEOHHQ]\PHZKHUHERWK
WKHFDWDO\VWDQGVXEVWUDWHVDUHKRPRJHQHRXVO\GLVWULEXWHGWKURXJKRXWWKHUHDFWLRQYROXPHPDVV
WUDQVIHUZLOOQRWEHOLPLWLQJ+RZHYHUPDVVWUDQVIHUFDQTXLFNO\EHFRPHOLPLWLQJLIWKHVXEVWUDWH
LVGRVHG WKH UHDFWLRQ LVSRRUO\PL[HG HVSHFLDOO\ LPSRUWDQWDW ODUJHU VFDOHSURGXFW IRUPDWLRQ
LQIOXHQFHV WKHYLVFRVLW\ RI WKH UHDFWLRQPHGLXP WKH VXEVWUDWH LV SRRUO\ZDWHUVROXEOHRU LI WKH
VXEVWUDWHQHHGVWRPRYHIURPDQDX[LOLDU\SKDVHJDVRUOLTXLGWRRQHZKHUHWKHUHDFWLRQWDNHV
SODFH0DVVWUDQVIHUOLPLWDWLRQVDUHDJJUDYDWHGIXUWKHULIWKHHQ]\PHLVXVHGLQDKHWHURJHQHRXV

IRUPXODWLRQIRUH[DPSOHLQZKROHFHOOVRULQDQLPPRELOL]HGHQ]\PHSUHSDUDWLRQ'HSHQGLQJRQ
WKH W\SH RI PDVV WUDQVIHU OLPLWDWLRQ DQ DFFXUDWH GHVFULSWLRQ RI VXFK D V\VWHP FDQ EH YHU\
FRPSOLFDWHGDQGLVRIWHQKLJKO\HPSLULFDO1HYHUWKHOHVVWKHFRPPRQHIIHFWRIDOOPDVVWUDQVIHU
OLPLWDWLRQVLQWKHFRQWH[WRIHQ]\PDWLFUHDFWLRQVLVWRUHGXFHWKHVSHFLILFDFWLYLW\RIWKHFDWDO\VW
ZKHQWKHFDWDO\VWORDGLVLQFUHDVHGUHODWLYHWRWKHPDVVWUDQVIHUFDSDFLW\7KXVWKHHQ]\PHORDG
H[SHULPHQW VXJJHVWHG LQ WKLV VWXG\ZLOO GLVWLQJXLVKZKHQ FDWDO\VW SHUIRUPDQFH LV VLJQLILFDQWO\
OLPLWHGE\PDVVWUDQVIHURIVXEVWUDWHWKURXJKWKHUHDFWLRQPHGLDRUIURPDQRWKHUSKDVHWRWKH
FDWDO\VW
,QWHUHVWLQJO\WKHFDWDO\VWORDGH[SHULPHQWZLOOQRWLGHQWLI\PDVVWUDQVIHUOLPLWDWLRQVFDXVHGE\
LPPRELOL]DWLRQRUE\WKHFHOOPHPEUDQHIRUZKROHFHOOFDWDO\VLV7KLVLVEHFDXVHWKHSRWHQWLDOIRU
PDVV WUDQVIHU WR WKH FDWDO\VW VXUIDFH DQG LQWR WKH SDUWLFOHWKURXJK WKH FHOO PHPEUDQH VFDOHV
GLUHFWO\ ZLWK WKH FDWDO\VW ORDG ,GHQWLI\LQJ WKHVH W\SHV RI OLPLWDWLRQ UHTXLUHV FKDQJLQJ WKH
SRWHQWLDO IRU PDVV WUDQVIHU UHODWLYH WR WKH DYDLODEOH FDWDO\WLF DFWLYLW\ IRU H[DPSOH E\
LPPRELOL]LQJ RQ VPDOOHU SDUWLFOHV RU RSHQLQJ WKH FHOOV ZKLFK LV RXWVLGH RI WKH VFRSH RI WKLV
VWXG\)RUWKHVHELRFDWDO\VWVLWLVWKHIRUPXODWLRQDVDZKROHUDWKHUWKDQWKHHQ]\PHDWLWVFRUH
WKDWLVHYDOXDWHG
6LQFHPDVVWUDQVIHUOLPLWDWLRQVOLQNHGWRWKHIRUPXODWLRQRIWKHFDWDO\VWFDQQRWEHLGHQWLILHGLQ
D FDWDO\VW ORDG H[SHULPHQW LW ZLOO LQIOXHQFH WKH FKDUDFWHULVWLF EHKDYLRU RI WKH HQ]\PH ZLWK
UHVSHFW ERWK WR LWV NLQHWLFV DQG VWDELOLW\:LWK UHVSHFW WR WKH NLQHWLFV WKH HIIHFW LV W\SLFDOO\ WR
LQFUHDVH WKHDSSDUHQW.0PHDQLQJ WKDWQRQ]HURRUGHUNLQHWLFV DUH W\SLFDOO\PRUHSURQRXQFHG
ZLWK LPPRELOL]HG RU ZKROHFHOO IRUPXODWLRQV WKDQ ZLWK WKH IUHH HQ]\PH 7KLV LV EHFDXVH
LQWHUQDODQGRUH[WHUQDOPDVV WUDQVIHU OLPLWDWLRQV LQVXFKIRUPXODWLRQVZLOO UHVXOW LQDQDYHUDJH

VXEVWUDWH FRQFHQWUDWLRQ IRU WKH HQ]\PH WKDW LV ORZHU WKDQ LQ WKH EXON $V D UHVXOW D KLJKHU
VXEVWUDWHFRQFHQWUDWLRQLVUHTXLUHGWRIXOO\VDWXUDWHWKHFDWDO\VW
$ UHGXFHG DFWLYLW\ RQ LPPRELOL]DWLRQ UHODWLYH WR WKH VROXEOH IRUP RI WKH HQ]\PH FDQ EH
H[SUHVVHGLQWHUPVRIDQHIIHFWLYHQHVVIDFWRUZKLFKLVDIXQFWLRQRIWKHLQWULQVLFHQ]\PHNLQHWLFV
UHODWLYHWRWKHSRWHQWLDOIRUPDVVWUDQVIHUIRUWKHSUHSDUDWLRQ:KLOHDORZHIIHFWLYHQHVVIDFWRU
PHDQVWKDWWKHIXOOSRWHQWLDORIWKHHQ]\PHFDQQRWEHUHDOL]HGLQWHUPVRIUHDFWLRQUDWHLWFDQDOVR
OHDG WR DQ LQFUHDVHG DSSDUHQW VWDELOLW\ UHODWLYH WR VROXEOH HQ]\PH 7KLV LV D UHVXOW RI WKH
HIIHFWLYHQHVV IDFWRU LQFUHDVLQJDV WKHDPRXQWRIDFWLYHHQ]\PHLVUHGXFHGRYHU WLPHUHODWLYHWR
WKHSRWHQWLDOIRUPDVVWUDQVIHU
0HWKRGRORJ\

)LJXUH  ,OOXVWUDWLRQ RI WKH PHWKRGRORJ\ WR HVWDEOLVK SURFHVV DQG FDWDO\VW OLPLWDWLRQV 
%HQFKPDUNH[SHULPHQW WRGHWHUPLQH UHDFWLRQRUGHUXQGHUJLYHQFRQGLWLRQV%LRFDWDO\VW ORDG
H[SHULPHQWWRGHWHUPLQHSURFHVVOLPLWDWLRQV6XEVWUDWHORDGH[SHULPHQWWRGHWHUPLQHFDWDO\VW

OLPLWDWLRQV7UDMHFWRULHVVKRZDQLQFUHDVHLQWKHYDULHGSDUDPHWHU&DWDO\VWDFWLYLW\OLPLWHGNFDW
WXUQRYHU QXPEHU .LQHWLFDOO\ OLPLWHG .0  0LFKDHOLV FRQVWDQW .LF  FRPSHWLWLYH LQKLELWLRQ
FRQVWDQW.LX  XQFRPSHWLWLYH LQKLELWLRQ FRQVWDQW(Q]\PH VWDELOLW\ OLPLWHGNG  ILUVWRUGHU UDWH
FRQVWDQW IRU LQDFWLYDWLRQ 771  WRWDO WXUQRYHU QXPEHU 0DVV WUDQVIHU OLPLWHG N/D  RYHUDOO
YROXPHWULFPDVVWUDQVIHUFRHIILFLHQW
5(/(9$17 &21',7,216 )LJXUH VKRZV WKH GHYHORSHG PHWKRGRORJ\ IRU LGHQWLI\LQJ
UHDFWLRQ ERWWOHQHFNV 7KH UHDFWLRQ SORWV KDYH EHHQ JHQHUDWHG XVLQJ PRGHOV EDVHG RQ
PRGLILFDWLRQVRI*2[UHDFWLRQNLQHWLFVVHH0DWHULDOVDQG0HWKRGV7KHPHWKRGRORJ\DVVXPHV
WKDW D UHOHYDQW VWDUWLQJ SRLQW LQ WHUPV RI UHDFWLRQ FRQGLWLRQV KDV DOUHDG\ EHHQ LGHQWLILHG
+RZHYHU ZKDW LV UHOHYDQW GHSHQGV YHU\ PXFK RQ WKH FDVH DQG WKH REMHFWLYH RI UHDFWLRQ
GHYHORSPHQW7KHJXLGHOLQHVWKHPVHOYHVIRUDFKLHYLQJDJLYHQUHDFWLRQSHUIRUPDQFHDUHRXWVLGH
WKH VFRSH RI WKLV VWXG\ 1HYHUWKHOHVV WKH FKRLFH RI UHDFWLRQ FRQGLWLRQV ZLOO GLFWDWH WKH PDLQ
REVHUYDEOHSKHQRPHQDHJHIIHFWVRILQKLELWLRQZLOORQO\EHVHHQDWKLJKVXEVWUDWHORDGLQJ:H
SURSRVH WKDW DV IDU DV SRVVLEOH UHDFWLRQ FRQGLWLRQV VKRXOG UHIOHFW WKRVH RI WKH HQYLVDJHG
LQGXVWULDOSURFHVV)RUH[DPSOHLIKLJKVXEVWUDWHFRQFHQWUDWLRQVDQGWKHDGGLWLRQRIFRVROYHQWV
DUH UHTXLUHG IRU GRZQVWUHDP VHSDUDWLRQV WKHQ WKHVH VKRXOG DOVR EH LQFRUSRUDWHG DW WKLV HDUO\
VWDJHRIUHDFWLRQFKDUDFWHUL]DWLRQ
7+5(( (;3(5,0(176 7KH PHWKRGRORJ\ UHOLHV RQ WKUHH NH\ H[SHULPHQWV DOO RI ZKLFK
IROORZ WKH FRQYHUVLRQ UHDFWLRQ WUDMHFWRU\ RYHU WLPH 7KH ILUVW RI WKHVH LV WR EH XVHG DV D
EHQFKPDUN DQG LV WKH UHDFWLRQ GDWD FROOHFWHG IRU D VLQJOH H[SHULPHQW XVLQJ WKH FRQGLWLRQV
HVWDEOLVKHG DV UHOHYDQW IRU WKH FDVH 7KLV H[SHULPHQW HVWDEOLVKHV WKH JHQHUDO W\SH RI UHDFWLRQ
EHKDYLRU VSHFLILFDOO\ LI WKH UDWH RI UHDFWLRQ YDULHVZLWK WLPH DQGRU FRQYHUVLRQ RU QRW ]HUR
RUGHU NLQHWLFV ,Q WKH VHFRQG H[SHULPHQW WKH FDWDO\VW ORDG LV YDULHG UHODWLYH WR WKH ILUVW

H[SHULPHQWDQGWKHLPSDFWLVDVVHVVHGLQRUGHUWRLGHQWLI\WKHPDLQOLPLWDWLRQLQWKHV\VWHPLQ
DOO RI WKH H[DPSOH SORWV LQ )LJXUH WKH YDULDEOH RI LQWHUHVW LV LQFUHDVHG UHODWLYH WR WKH
EHQFKPDUN 6SHFLILFDOO\ WKLV H[SHULPHQW GLVWLQJXLVKHV EHWZHHQ OLPLWDWLRQV UHODWHG WR WKH
FDWDO\WLFDFWLYLW\WKURXJKNLQHWLFVRUVWDELOLW\DQGOLPLWDWLRQVQRWUHODWHGWRWKHFDWDO\VWVXFKDV
PDVVWUDQVIHUOLPLWDWLRQV,QWKHWKLUGW\SHRIH[SHULPHQWWKHVXEVWUDWHFRQFHQWUDWLRQLVYDULHG±
DJDLQUHODWLYHWR WKHEDVHOLQHH[SHULPHQW7KLVH[SHULPHQWDSSOLHV WRV\VWHPVOLPLWHGE\HLWKHU
HQ]\PH NLQHWLFV RU VWDELOLW\ DQG JLYHV DQ LQGLFDWLRQ RI WKH XQGHUO\LQJ PHFKDQLVP LQ HLWKHU
FDWHJRU\
 %(1&+0$5. (;3(5,0(17 =(52 96 +,*+(525'(5 .,1(7,&6 7KH
PHWKRGRORJ\ VWDUWV ZLWK D VLQJOH UHDFWLRQ WUDMHFWRU\ H[SHULPHQW PHDQW WR DVVHVV WKH JHQHUDO
EHKDYLRURIWKHUHDFWLRQDWWKHFKRVHQFRQGLWLRQV,QWKLVDQDO\VLVUHDFWLRQVH[KLELWLQJDFRQVWDQW
UHDFWLRQUDWHWKURXJKRXW WKHFRXUVHRIUHDFWLRQDUHFODVVHGDVKDYLQJ]HURRUGHUNLQHWLFV8QGHU
WKH FRQGLWLRQV RI WKH H[SHULPHQW WKLV W\SH RI EHKDYLRU LPSOLHV WKDW QR FKDQJH LQ
VXEVWUDWHSURGXFW FRPSRVLWLRQ WKURXJK HQ]\PH NLQHWLFV RFFXUV QRU FKDQJHV LQ UHDFWLRQ WLPH
WKURXJKLQDFWLYDWLRQ&RQYHUVHO\DUHDFWLRQWKDWH[KLELWVDUHDFWLRQUDWHWKDWFKDQJHVRYHUWKH
FRXUVHRIWKHUHDFWLRQLVFODVVLILHGDVKDYLQJKLJKHURUGHUNLQHWLFV7KLVEHKDYLRUDOVRLQFOXGHVDOO
UHDFWLRQV WKDW IDLO WR UHDFK FRPSOHWLRQ UHODWLYH WR WKH UHDFWLRQ HTXLOLEULXP ,W LVZRUWKQRWLQJ
WKDWLWLVFRPPRQIRUUHDFWLRQVWRVKRZ]HURRUGHUEHKDYLRULQLWLDOO\DQGWUDQVLWLRQLQWRKLJKHU
RUGHUNLQHWLFVDWKLJKHUFRQYHUVLRQ
 &$7$/<67 /2$' (;3(5,0(17 ,03$&7 2) &$7$/<67 /2$' ± 7,0(
'(3(1'(1&()RUWKHVHFRQGVWHSRIWKHPHWKRGRORJ\WKHFDWDO\VWORDGLVYDULHGLQRUGHUWR
VHSDUDWH WKH WKUHHPDLQFODVVHVRI OLPLWDWLRQFDWDO\VWNLQHWLFVFDWDO\VWVWDELOLW\RUQRQHQ]\PH
UHODWHG$VH[SODLQHGLQWKHWKHRU\VHFWLRQLQDUHDFWLRQFRQWUROOHGHQWLUHO\E\HQ]\PHNLQHWLFV

WKH UHDFWLRQ UDWH LV LQGHSHQGHQWRI WKH UHDFWLRQ WLPH%HFDXVHRI WKLVSORWVRI UHDFWLRQFRXUVHV
ZLWK GLIIHUHQW FDWDO\VW ORDGV VKRXOG VXSHULPSRVHZKHQ WKH UHDFWLRQ WLPH LV QRUPDOL]HG E\ WKH
FDWDO\VWORDG
,QDV\VWHPOLPLWHGE\FDWDO\VWVWDELOLW\WKHUHDFWLRQUDWHVKRXOGYDU\OHVVZLWKFRQYHUVLRQDW
KLJKHUFDWDO\VWORDGV7KLVLVEHFDXVHLQDFWLYDWLRQLVDWLPHGHSHQGHQWSURFHVVDQGWKHUHIRUHOHVV
LQDFWLYDWLRQZLOOKDYHRFFXUUHGLQDUHDFWLRQWKDWSURFHHGVPRUHTXLFNO\
)LQDOO\LQVRPHFDVHVWKHVSHFLILFUHDFWLRQUDWHZLOOEHORZHUDWKLJKHUFDWDO\VWORDGLQJV7KLV
LV EHFDXVH VRPHWKLQJ RWKHU WKDQ LQWULQVLF FDWDO\VW NLQHWLFV RU VWDELOLW\ OLPLWV WKH UHDFWLRQ
W\SLFDOO\ WKH UDWH RI VXEVWUDWH PDVV WUDQVIHU EHWZHHQ SKDVHV RU FRPSDUWPHQWV LQ D UHDFWLRQ
V\VWHP ,QGHHG DQ\ IXUWKHU DQDO\VLV RI WKH FDWDO\VW SHUIRUPDQFHZLOO EH KLQGHUHG E\ H[WHQVLYH
PDVVWUDQVIHUQRQFDWDO\VWUHODWHGOLPLWDWLRQV,IVXFKDQDQDO\VLVLVGHVLUHGUHDFWLRQFRQGLWLRQV
VKRXOGEHPRGLILHGWRHLWKHULPSURYHPDVVWUDQVIHURUWRUHGXFHWKHQHHGIRUKLJKPDVVWUDQVIHU
E\UHGXFLQJWKHFDWDO\VWORDGDVLQGLFDWHGLQ)LJXUH$VVHVVPHQWVKRXOGWKHQEHGRQHIURPWKH
EHJLQQLQJZLWKDQHZEDVHOLQHH[SHULPHQWDJDLQ
$UHDFWLRQH[KLELWLQJ]HURRUGHUEHKDYLRULVQRWVLJQLILFDQWO\DIIHFWHGE\FDWDO\VWLQDFWLYDWLRQ
GXULQJ WKH FRXUVH RI WKH UHDFWLRQ DQG LV VDWXUDWHG E\ WKH VXEVWUDWH WKURXJKRXW WKH UHDFWLRQ
)XUWKHUPRUH LPSURYLQJ VXFK D UHDFWLRQ QHFHVVLWDWHV LPSURYLQJ WKH PD[LPXP DFWLYLW\ RI WKH
FDWDO\VW7KHVSHFLILFLPSURYHPHQWZLOOGHSHQGRQWKHUHDFWLRQV\VWHPDQGFDWDO\VWIRUPXODWLRQ
DQGLVGLVFXVVHGIXUWKHULQWKH'LVFXVVLRQVHFWLRQ
 68%675$7( /2$' (;3(5,0(17 ,03$&7 2) 68%675$7( /2$' ±
&219(56,21 '(3(1'(1&( ,Q WKH WKLUG VWHS RI WKH PHWKRGRORJ\ WKH VXEVWUDWH
FRQFHQWUDWLRQ LV YDULHG WR GLVWLQJXLVK EHWZHHQ PHFKDQLVPV IRU ERWK NLQHWLF DQG VWDELOLW\
OLPLWDWLRQV &KDQJLQJ WKH VXEVWUDWH FRQFHQWUDWLRQ GLUHFWO\ PRGLILHV WKH FRQGLWLRQV IRU WKH

FDWDO\VW WKH VWDUWLQJSRLQW IRU WKH UHDFWLRQ DQGFRQVHTXHQWO\ WKH HQWLUH UHDFWLRQ FRXUVHZLOO EH
GLIIHUHQW$GGLWLRQDOO\FKDQJLQJWKHVXEVWUDWHFRQFHQWUDWLRQDOVRLQGLUHFWO\FKDQJHVWKHGXUDWLRQ
RIWKHUHDFWLRQPRUHVXEVWUDWHW\SLFDOO\WDNHVORQJHUWRFRQYHUWZLWKDJLYHQDPRXQWRIFDWDO\VW
,QWKRVHFDVHVWKHUHDFWLRQLVSULPDULO\OLPLWHGE\FDWDO\VWNLQHWLFVLWFDQWKHQEHRILQWHUHVWWR
GHWHUPLQH WKH GRPLQDQW NLQHWLF OLPLWDWLRQ )RU VROXEOH HQ]\PH FDWDO\VLV LQ D KRPRJHQHRXV
V\VWHPH[KLELWLQJKLJKHURUGHUEHKDYLRU WKHUDWHRI UHDFWLRQZLOOGHSHQGVROHO\RQWKHHQ]\PH
NLQHWLFV7KHVHZLOOEHOLQNHGWRHLWKHUDKLJKVDWXUDWLRQFRQVWDQWIRUWKHVXEVWUDWHLHKLJK.0
RU FRPSHWLWLYH RU QRQFRPSHWLWLYH LQKLELWLRQ E\ RQH RUPRUH RI WKH UHDFWLRQ FRPSRQHQWV 7R
GLVWLQJXLVKEHWZHHQWKHVHHIIHFWVUHDFWLRQGDWDIRUGLIIHUHQWVXEVWUDWHORDGVVKRXOGEHFRPSDUHG
LQDSORWRIFRQYHUVLRQDJDLQVWUHDFWLRQWLPHQRUPDOL]HGE\ERWKHQ]\PHDQGVXEVWUDWHORDG
,QWKLVH[DPSOHIRUDUHDFWLRQWKDWEHFRPHVVORZHUDWKLJKHUFRQYHUVLRQVGXHWRDKLJK.0IRU
WKH VXEVWUDWH WKH UDWH RI FRQYHUVLRQ ZLOO EHFRPH GLVSURSRUWLRQDWHO\ IDVWHU DW KLJKHU VXEVWUDWH
FRQFHQWUDWLRQV7KLVLVEHFDXVHWKHFDWDO\VWEHFRPHVPRUHVDWXUDWHGDWDJLYHQFRQYHUVLRQZLWK
PRUHVXEVWUDWH2QWKHRWKHUKDQGLIWKHNLQHWLFOLPLWDWLRQLVGXHWRFRPSHWLWLYHLQKLELWLRQE\WKH
SURGXFW WKHFRPELQHGHIIHFWRI LQKLELWLRQDQG LQFUHDVHGVXEVWUDWH ORDGUHVXOWV LQDQRYHUODSRI
WKH UHDFWLRQ GDWD LQ WKH QRUPDOL]HG SORW )LQDOO\ QRQFRPSHWLWLYH LQKLELWLRQ E\ WKH SURGXFW
UHVXOWVLQDGLVSURSRUWLRQDWHO\ORZHUUDWHRIFRQYHUVLRQDWLQFUHDVHGVXEVWUDWHFRQFHQWUDWLRQVWKLV
HIIHFWFDQDOVREHVHHQZKHQRQHVXEVWUDWHDFWVDVDFRPSHWLWLYHLQKLELWRUIRUDQRWKHULQDWZR
VXEVWUDWHUHDFWLRQ
,ILWWXUQVRXWWKDWWKHUHDFWLRQUDWHGLPLQLVKHVRYHUWKHFRXUVHRIDUHDFWLRQGXHWRLQDFWLYDWLRQ
RIWKHHQ]\PHLWFRXOGEHRILQWHUHVWWRGHWHUPLQHKRZWKLVDFWLYLW\LVORVW7KLVVWXG\FRQVLGHUV
WKUHH PHFKDQLVPV IRU LQDFWLYDWLRQ  FRQYHUVLRQLQGHSHQGHQW VWDELOLW\ ZKHUH WKH UDWH RI
LQDFWLYDWLRQ LV SURSRUWLRQDO WR WKH FRQFHQWUDWLRQ RI UHPDLQLQJ DFWLYH HQ]\PH DQG OLQNHG WR D

SDUDPHWHU WKDW LV IL[HGLQWKHH[SHULPHQWFRQYHUVLRQGHSHQGHQWVWDELOLW\ZKHUHWKHUDWHRI
LQDFWLYDWLRQ YDULHV ZLWK WKH FRQFHQWUDWLRQ RI HQ]\PH DQG WKH FRQFHQWUDWLRQ RI D UHDFWLRQ
FRPSRQHQW IRU H[DPSOH SURGXFWLQGXFHG LQDFWLYDWLRQ DQG  7RWDO WXUQRYHU QXPEHU 771
W\SHVWDELOLW\ZKHUHWKHUDWHRILQDFWLYDWLRQLVSURSRUWLRQDOWRWKHUDWHRIUHDFWLRQ
)RUVROXEOHHQ]\PHFDWDO\VLVLQDKRPRJHQHRXVV\VWHPWKHSHUIRUPDQFHRIDUHDFWLRQOLPLWHG
E\ SURGXFW RU VXEVWUDWH LQGXFHG LQDFWLYDWLRQ ZLOO EHFRPH SURJUHVVLYHO\ ZRUVH DW KLJKHU
VXEVWUDWHORDGVLQDSORWRIFRQYHUVLRQYVWLPHQRUPDOL]HGE\FDWDO\VWDQGVXEVWUDWHORDG,IWKH
LQDFWLYDWLRQLVLQVWHDGOLQNHGWR771RUFRQYHUVLRQLQGHSHQGHQWLQDFWLYDWLRQWKHUHDFWLRQFXUYHV
IRU GLIIHUHQW VXEVWUDWH ORDGVZLOO VXSHULPSRVH LQ WKH QRUPDOL]HG SORWV 7KHVH WZR LQDFWLYDWLRQ
PHFKDQLVPVFDQQRWEHVHSDUDWHGLQWKLVW\SHRIH[SHULPHQWLIVWDELOLW\LVWKHRQO\OLPLWLQJIDFWRU
5HVXOWVDQG'LVFXVVLRQ
,QWKHIROORZLQJVHFWLRQWKHPHWKRGRORJ\KDVEHHQDSSOLHGWRWKUHHVHSDUDWHFDVHVWXGLHV(DFK
LQGLYLGXDOO\VKRZVKRZWKHPHWKRGFDQGLVWLQJXLVKGLIIHUHQWSURFHVVSHUIRUPDQFHOLPLWDWLRQV
*/8&26( 2;,'$6( *2[ *2[ FDWDO\]HV WKH R[LGDWLRQ RI JOXFRVH WR JOXFRQRODFWRQH
ZKLFKDWQHXWUDOS+VSRQWDQHRXVO\IRUPVJOXFRQLFDFLGDQGWKHE\SURGXFWK\GURJHQSHUR[LGH
6FKHPH2[\JHQLVUHTXLUHGWRSHUIRUPWKHUHDFWLRQDQGKDOIWKHVWRLFKLRPHWULFUHTXLUHPHQW
LVVXSSOLHGLQWKHIRUPRIPROHFXODUR[\JHQE\EXEEOLQJDLULQWRWKHELRUHDFWRUWKHUHVLGXDOE\
GHFRPSRVLQJK\GURJHQSHUR[LGHXVLQJDGGHGFDWDODVH

6FKHPH2[LGDWLRQRIJOXFRVH WRJOXFRQRODFWRQHZKLFKVSRQWDQHRXVO\K\GURO\VHVWR
JOXFRQLFDFLG DWS+DQG LQFOXGHV WKHJHQHUDWLRQRIK\GURJHQSHUR[LGH7KHUHDFWLRQ LV
FDWDO\]HG E\ JOXFRVH R[LGDVH *2[ DQG WKH K\GURJHQ SHUR[LGH LV GHFRPSRVHG WR ZDWHU DQG
R[\JHQE\FDWDODVH&DW
$Q LQLWLDO H[SHULPHQW ZLWK ORZ HQ]\PH DQG VXEVWUDWH FRQFHQWUDWLRQ LQGLFDWHG ILUVWRUGHU
UHDFWLRQEHKDYLRUEDVHFDVH)LJXUH$VHFRQGH[SHULPHQWGRXEOLQJWKHELRFDWDO\VWORDGDQG
NHHSLQJ WKH VDPH JOXFRVH FRQFHQWUDWLRQ VKRZHGQR VLJQ RI HQ]\PH LQDFWLYDWLRQ DQG UHYHDOHG
WKDWWKHUHDFWLRQZDVNLQHWLFDOO\OLPLWHG)LJXUH7RLGHQWLI\WKHGRPLQDWLQJNLQHWLFOLPLWDWLRQ
XQGHU WKHVHFRQGLWLRQV WKHJOXFRVH ORDGZDV LQFUHDVHG WRP0 WKH UHVXOWV UHYHDOHG WKDW WKH
UHDFWLRQZDVOLPLWHGE\VXEVWUDWHDIILQLW\.0OLPLWDWLRQ)LJXUH,WWXUQVRXWWKDWWKHUHDFWLRQ
ZDVFDUULHGRXWDWDVXEVWUDWHFRQFHQWUDWLRQEHQHDWKWKH0LFKDHOLV0HQWHQFRQVWDQWIRUJOXFRVH
VKRZLQJDFRQYHUVLRQWLPHGHSHQGHQWUHDFWLRQ
)LJXUH%LRR[LGDWLRQRIP0RIJOXFRVHWRJOXFRQLFDFLGDW&DQGS+LQDQDHUDWHG
VWLUUHGWDQNUHDFWRUUSPDQGYYPRIDLUZLWKPJ/RI*2[

)LJXUH(IIHFWRIELRFDWDO\VW ORDGRQ WKHELRR[LGDWLRQRIP0RIJOXFRVHZLWK ż DQG
ƑPJ/RI*2[
)LJXUH(IIHFWRILQFUHDVHGVXEVWUDWHORDGRQWKHELRR[LGDWLRQRIJOXFRVHP0DWYDU\LQJ
FRQFHQWUDWLRQVRIHQ]\PHPJ/RI*2[żPJ/RI*2[ƑDQGP0PJ/RI
*2[¸
7RHOLPLQDWHNLQHWLFOLPLWDWLRQVUHODWHGWR.0DQH[SHULPHQWZLWKKLJKHUJOXFRVHFRQFHQWUDWLRQ
P0 ZDV FRQGXFWHG DQG WKHVH UHVXOWV H[KLELWHG ]HURRUGHU UHDFWLRQ EHKDYLRU )LJXUH
)ROORZLQJWKHPHWKRGRORJ\WKHELRFDWDO\VWORDGZDVLQFUHDVHGDQGDQLPSURYHPHQWLQUHDFWLRQ
UDWH ZDV REVHUYHG )LJXUH +RZHYHU WKH UDWH HQKDQFHPHQW JRLQJ IURP  WR PJ/ RI

ELRFDWDO\VWZDVQRWSURSRUWLRQDOWKXVLQGLFDWLQJPDVVWUDQVIHUOLPLWDWLRQVXQGHUWKHVHFRQGLWLRQV
)RU WKLV VSHFLILF UHDFWLRQ WKHPDVV WUDQVIHU OLPLWDWLRQ LV UHODWHG WR WKH R[\JHQ VXSSO\ LQWR WKH
UHDFWRU 8QGHU WKHVH DHUDWLRQ DQG DJLWDWLRQ UDWH FRQGLWLRQV LW LV QRW SRVVLEOH WR LQFUHDVH WKH
R[\JHQ WUDQVIHU UDWH IURP JDV WR OLTXLG SKDVH IXUWKHU $FKLHYLQJ VXEVWDQWLDOO\ KLJKHU UHDFWLRQ
UDWHVZRXOGUHTXLUHDQLQFUHDVHLQVFDOHVLQFHJDVOLTXLGPDVVWUDQVIHUW\SLFDOO\LPSURYHVZLWK
VFDOHDQLPSURYHPHQWLQWKHDHUDWLRQDJLWDWLRQV\VWHPRUDQLQFUHDVHLQWKHSDUWLDOSUHVVXUH
RIR[\JHQXVHGIRUDHUDWLRQZKLFKZRXOGLQFUHDVHWKHGULYLQJIRUFHIRUR[\JHQPDVVWUDQVIHU
)LJXUH%LRR[LGDWLRQRIP0RIJOXFRVHWRJOXFRQLFDFLGDW&DQGS+LQDQDHUDWHG
VWLUUHGWDQNUHDFWRUUSPDQGYYPRIDLUZLWKPJ/RI*2[

)LJXUH (IIHFW RI ELRFDWDO\VW ORDG RQ P0 RI JOXFRVH FRQYHUVLRQ ZLWK  ż DQG
ƑPJ/RI*2[
0212$0,1(2;,'$6(0$27KHVHFRQGFDVHVWXG\LVEDVHGRQWKHVHOHFWLYHR[LGDWLRQ
RI D ELF\FOLF DPLQH WR WKH FRUUHVSRQGLQJ LPLQH 6FKHPH FDWDO\]HG E\PRQRDPLQH R[LGDVH
0$2IURP$VSHUJLOOXVQLJHU$VHSDUDWHFKDUDFWHUL]DWLRQRI WKLV UHDFWLRQKDVEHHQSXEOLVKHG
SUHYLRXVO\ 7KH LQWHQGHG DSSOLFDWLRQ RI WKH VWXGLHG UHDFWLRQ LV LQ WKH V\QWKHVLV RI WKH WDUJHW
SURGXFWDVDQ$3,DQGWKHUHDFWLRQLVRIJHQHUDO LQWHUHVWIRU WKHFKLUDO UHVROXWLRQRIVHFRQGDU\
DPLQHV
1
+ 1
0$2
2 +2
 
6FKHPH2[LGDWLRQRID]DELF\FORRFWDQH WR WKHFRUUHVSRQGLQJLPLQHZLWKJHQHUDWLRQ
RIK\GURJHQSHUR[LGH7KHUHDFWLRQLVFDWDO\]HGE\PRQRDPLQHR[LGDVHIURP$VSHUJLOOXVQLJHU
0$2
,QWKHSUHYLRXVO\SXEOLVKHGUHVXOWVWKHKLJKHVWLQLWLDOUDWHZDVDFKLHYHGDWP0D]DELF\FOR
RFWDQH7KHKLJKHVWELRFDWDO\VWFRQFHQWUDWLRQGHHPHGSUDFWLFDOIRUWKHH[SHULPHQWDOVHWXSZDV
JFZZ/ 7KHVH SDUDPHWHUV KDYH EHHQ XVHG DV D VWDUWLQJ SRLQW LQ WKH IROORZLQJ H[DPSOH WR
LGHQWLI\ WKH ERWWOHQHFN IRU WKH R[LGDWLRQ RI D]DELF\FORRFWDQH XVLQJ D ZKROHFHOO ELRFDWDO\VW
FRQWDLQLQJ0$2
7KHVWDQGDUGUHDFWLRQFRXUVHLQGLFDWHVDFRQYHUVLRQDQGRUWLPHGHSHQGHQWUHDFWLRQUDWHZLWKD
UHDFWLRQ WUDMHFWRU\ WKDW FXUYHV PRUH VWURQJO\ DW KLJK FRQYHUVLRQ )LJXUH 7R GHWHUPLQH WKH

GRPLQDWLQJ XQGHUO\LQJ SKHQRPHQD WKH FDWDO\VW ORDG ZDV YDULHG )LJXUH ,QWHUHVWLQJO\ WKH
H[SHULPHQWV ZKHUH KLJK FDWDO\VW ORDGV ZHUH DSSOLHG H[KLELWHG VSHFLILF UDWHV WKDW ZHUH
LQGHSHQGHQW RI WKH FDWDO\VW ORDG KHQFH D UHDFWLRQ SULPDULO\ OLPLWHG E\ FDWDO\VW NLQHWLFV
+RZHYHU WKH H[SHULPHQW ZLWK ORZHVW FDWDO\VW ORDG JFZZ/ JDYH SRRUHU SHUIRUPDQFH DW
KLJKFRQYHUVLRQLQGLFDWLQJFDWDO\VWLQDFWLYDWLRQ7RLQYHVWLJDWHWKHWZRHIIHFWVIXUWKHUWZRVHWV
RI VXEVWUDWH ORDG H[SHULPHQWV ZHUH FDUULHG RXW DW KLJK JFZZ/ DQG ORZ JFZZ/
FDWDO\VWORDGV7KHVXEVWUDWHORDGH[SHULPHQWVZLWKORZFDWDO\VWORDGDUHVKRZQLQ)LJXUH7KH
UHDFWLRQV LOOXVWUDWH DQ LQFUHDVLQJO\ SURQRXQFHG WUHQG WR VORZ GRZQZLWK FRQYHUVLRQ DW KLJKHU
VXEVWUDWHFRQFHQWUDWLRQLQGLFDWLQJDFRQYHUVLRQRUSURGXFWGHSHQGHQWLQDFWLYDWLRQPHFKDQLVP
7KLVLVFRQVLVWHQWZLWKWKHSUHYLRXVO\SXEOLVKHGVWXG\
)LJXUH 6HOHFWLYH R[LGDWLRQ RI P0 D]DELRF\FORRFWDQH E\ JFZZ/0$2 DW &
P0SKRVSKDWHEXIIHUZDVXVHGWRPDLQWDLQS+

)LJXUH (IIHFW RI ELRFDWDO\VW FRQFHQWUDWLRQ LQ WKH VHOHFWLYH R[LGDWLRQ RI D]DELF\FORRFWDQH
&DWDO\VW ORDGVRIżƑ¸UDQG°JFZZ/ZKROHFHOOVZHUHXVHG
RWKHUFRQGLWLRQVDVLQ)LJXUH
)LJXUH(IIHFW RI VXEVWUDWH FRQFHQWUDWLRQ LQ WKH VHOHFWLYHR[LGDWLRQRI D]DELF\FORRFWDQH DW
ORZFDWDO\VWORDGJFZZ/6XEVWUDWHFRQFHQWUDWLRQVRIżƑDQG¸P0ZHUH
XVHGRWKHUFRQGLWLRQVDVLQ)LJXUH
7KH VXEVWUDWH ORDG H[SHULPHQWV DW KLJK FDWDO\VW ORDG DUH VKRZQ LQ )LJXUH 7KH UHVXOWV
LOOXVWUDWHD WUHQGRI LPSURYHG UHODWLYH UDWHRI FRQYHUVLRQZLWK LQFUHDVHGVXEVWUDWH ORDGVZKLFK
LQGLFDWHVHQ]\PHNLQHWLFVOLPLWHGE\DKLJKDSSDUHQWVXEVWUDWHELQGLQJFRHIILFLHQW.0

)LJXUH (IIHFW RI VXEVWUDWH FRQFHQWUDWLRQ LQ WKH VHOHFWLYH R[LGDWLRQ RI D]DELF\ORRFWDQH DW
KLJKFDWDO\VWORDGJFZZ/6XEVWUDWHFRQFHQWUDWLRQVRIżƑDQG¸P0ZHUH
XVHGRWKHUFRQGLWLRQVDVLQ)LJXUH
%,2',(6(/35(75($70(17%<,002%,/,=('/,3$6(7KHILQDOFDVHVWXG\LVEDVHG
RQ WKHHVWHULILFDWLRQRIROHLFDFLGZLWKPHWKDQROXVLQJ DQ LPPRELOL]HG OLSDVH 6FKHPH7KH
UHDFWLRQKDVEHHQ UHSRUWHGSUHYLRXVO\7KH LQWHQGHGDSSOLFDWLRQIRU WKHXQGHUO\LQJVWXG\ZDV
WKHVHOHFWLYHHVWHULILFDWLRQRIIUHH IDWW\DFLGV ))$VLQYHJHWDEOHRLODVDSUHWUHDWPHQWVWHSIRU
DONDOLFDWDO\]HGELRGLHVHOSURGXFWLRQZKLFKUHTXLUHVDORZ))$FRQWHQWWRDYRLGH[FHVVLYHVRDS
IRUPDWLRQ:KLOHWKHJO\FHULGHVLQWKHYHJHWDEOHRLOIHHGVWRFNDUHDOVRVXEVWUDWHVIRUWKHOLSDVH
WKH HVWHULILFDWLRQ RI ))$ SURFHHGV DW D UDWH RI  WR IROG WKDW RI WKH FRPSHWLQJ
WUDQVHVWHULILFDWLRQUHDFWLRQ

6FKHPH (VWHULILFDWLRQ RI ROHLF DFLG  WRPHWK\O ROHDWH ZLWKPHWKDQRO 7KH UHDFWLRQ LV
FDWDO\]HGE\LPPRELOL]HG&DQGLGDDQWDUWLFDOLSDVH%1
,WZDVGHWHUPLQHG WKDW DPHWKDQRO FRQFHQWUDWLRQRI DSSUR[LPDWHO\  YYZDV UHTXLUHG WR
DFKLHYH D VXIILFLHQWO\ ORZ ))$ FRQWHQW ZLWK DQ LQLWLDO ))$ FRQFHQWUDWLRQ RI  ZKLFK ZDV
GHHPHGWREHUHSUHVHQWDWLYHRIORZTXDOLW\RLOVRILQWHUHVWXVLQJZYFDWDO\VWWRFRPSOHWH
WKHUHDFWLRQZLWKLQDQKRXU,QWKHIROORZLQJH[DPSOHWKHPHWKRGRORJ\SUHVHQWHGLQWKLVVWXG\
KDV EHHQ DSSOLHG WR LGHQWLI\ WKH SULPDU\ ERWWOHQHFN IRU D SUHWUHDWPHQW SURFHVV RSHUDWHG ZLWK
WKHVHVXJJHVWHGSDUDPHWHUV
7KH VWDQGDUG UHDFWLRQ FRXUVH LQGLFDWHV D FRQYHUVLRQ DQGRU WLPHGHSHQGHQW UHDFWLRQ UDWH
)LJXUH7KHFDWDO\VW ORDGZDVYDULHGWRHVWDEOLVKWKHPDLQW\SHRI OLPLWDWLRQLQWKHV\VWHP
)LJXUH7KH DQDO\VLV LQGLFDWHV WKDW WKH VSHFLILF UHDFWLRQ UDWH LV LQGHSHQGHQWRI WKHFDWDO\VW
ORDGZLWKLQWKHVWXGLHGUDQJHZKLFKPHDQVWKDW WKHUHDFWLRQWUDMHFWRU\LVSULPDULO\GLFWDWHGE\
WKH NLQHWLFV RI WKH FDWDO\VW DQG WKXV SXUHO\ FRQYHUVLRQGHSHQGHQW )LQDOO\ WKH VXEVWUDWH ORDG
ZDV YDULHG WR LGHQWLI\ WKH GRPLQDWLQJ NLQHWLF OLPLWDWLRQ LQ WKH V\VWHP %HFDXVH WKH LQLWLDO

FRQFHQWUDWLRQRIERWKROHLFDFLGDQGPHWKDQROFDQEHHDVLO\FRQWUROOHGLQWKLVV\VWHPWZRVHWVRI
H[SHULPHQWVZHUH FRQGXFWHGZKHUH HDFK VXEVWUDWHZDV YDULHG 1RWH WKDW LQ ERWK H[SHULPHQWV
FRQYHUVLRQLVEDVHGRQWKHROHLFDFLGFRQFHQWUDWLRQDVWKLVLVWKHOLPLWLQJVXEVWUDWH/LNHZLVHWKH
UHDFWLRQWLPHLVQRUPDOL]HGXVLQJWKHROHLFDFLGFRQFHQWUDWLRQWRPDWFKWKHFRQYHUVLRQ
)LJXUH6HOHFWLYHHVWHULILFDWLRQRIYYROHLFDFLGDQGYYPHWKDQROLQYHJHWDEOHRLO
DW&XVLQJZYLPPRELOL]HG&DO%1
)LJXUH (IIHFW RI ELRFDWDO\VW FRQFHQWUDWLRQ LQ WKH VHOHFWLYH HVWHULILFDWLRQ RI ROHLF DFLG DQG
PHWKDQROLQYHJHWDEOHRLO&DWDO\VWORDGVRIżƑ¸UDQG°ZY
1ZHUHXVHGRWKHUFRQGLWLRQVDVLQ)LJXUH

$V LOOXVWUDWHG LQ)LJXUHPHWKDQROKDGD VOLJKWQHJDWLYH LPSDFWRQ WKH UHDFWLRQ WUDMHFWRU\
7KLVLQGLFDWHVDQLQKLELWRU\HIIHFWE\WKLVVXEVWUDWHSRVVLEO\WKURXJKLQWHUIHULQJLQWKHELQGLQJRI
ROHLFDFLG7KHVHULHVRIH[SHULPHQWVZLWK LQFUHDVLQJ LQLWLDOROHLFDFLGFRQFHQWUDWLRQVH[KLELW D
WUHQGRILQFUHDVLQJVSHFLILFDFWLYLW\WKURXJKRXWWKHUHDFWLRQLQGLFDWLQJWKDWWKHFDWDO\VWLVOLPLWHG
E\DKLJKDSSDUHQW.0IRUWKLVVXEVWUDWH)LJXUH7KLVDOVROHQGVVXSSRUWWRWKHK\SRWKHVLV
WKDWPHWKDQRODFWVDVDFRPSHWLWLYHLQKLELWRUIRUROHLFDFLG)XUWKHUH[SHULPHQWV LQ WKHRULJLQDO
VWXG\ UHYHDOHG WKDW WKLV ZDV LQGHHG WKH FDVH WKH SHUIRUPDQFH RI WKH UHDFWLRQ EHQHILWHG IURP
KLJKHUFRQFHQWUDWLRQVRIERWKVXEVWUDWHVDVORQJDVWKH\ZHUHEDODQFHGDJDLQVWRQHDQRWKHU
)LJXUH(IIHFWRIPHWKDQROFRQFHQWUDWLRQLQVHOHFWLYHHVWHULILFDWLRQRIROHLFDFLGDQGPHWKDQRO
LQYHJHWDEOHRLO0HWKDQROFRQFHQWUDWLRQVRIżƑDQG¸YYZHUHXVHGRWKHU
FRQGLWLRQVDVLQ)LJXUH

)LJXUH (IIHFW RI ROHLF DFLG FRQFHQWUDWLRQ LQ VHOHFWLYH HVWHULILFDWLRQ RI ROHLF DFLG DQG
PHWKDQROLQYHJHWDEOHRLO2OHLFDFLGFRQFHQWUDWLRQVRIżƑ¸ DQG
°ZHUHXVHGRWKHUFRQGLWLRQVDVLQ)LJXUH
3HUVSHFWLYHVRQWKH0HWKRGRORJ\
,Q WKH FRQWH[WRISURFHVVGHYHORSPHQW RQFH WKH OLPLWLQJ IDFWRU IRUSURFHVVSHUIRUPDQFHKDV
EHHQ LGHQWLILHG WKHQH[W ORJLFDO VWHS LV WR DGGUHVV WKDW OLPLWDWLRQ:KHQ WKHPDLQ OLPLWDWLRQ LV
HQ]\PHNLQHWLFVRU VWDELOLW\ WKHUH LV SRWHQWLDO IRU LPSURYHPHQWE\PRGLI\LQJ HQ]\PH WKURXJK
SURWHLQHQJLQHHULQJ6XFKPRGLILFDWLRQVFDQLPSURYHWKHDIILQLW\IRUWKHVXEVWUDWHUHGXFLQJ.0
RU LPSURYH WKH VWDELOLW\ RI WKH SURWHLQ $Q DOWHUQDWLYH RU FRPSOLPHQWDU\ DSSURDFK LQ FDVHV
ZKHUH WKH VXEVWUDWH RU SURGXFW KDV D QHJDWLYH LPSDFW RQ SHUIRUPDQFH LV WR FRQWURO WKH
FRQFHQWUDWLRQRIWKHVHUHDFWLRQFRPSRQHQWVWKURXJKFRQWUROOHGVXEVWUDWHVXSSO\HJIHHGLQJRU
LQVLWX SURGXFW UHPRYDO VWUDWHJLHV UHVSHFWLYHO\ ,Q FDVHVZKHUHPDVV WUDQVIHU LV OLPLWLQJ WKH
PRVWGLUHFWVROXWLRQ LV WRFRQVLGHU WKH UHDFWLRQDQGUHDFWRUGHVLJQKRZVXEVWUDWH LV LQWURGXFHG
DQGWUDQVSRUWHGWRWKHHQ]\PHWKHFKRLFHRIDQ\FRVROYHQWVDQGFKRLFHRIUHDFWRUFRQILJXUDWLRQ
)LQDOO\LQVRPHFDVHVUHJDUGOHVVRIWKHOLPLWDWLRQWKHIRUPXODWLRQRIWKHFDWDO\VWVKRXOGDOVREH
FRQVLGHUHG 7KH FKRLFH EHWZHHQ DSSO\LQJ ZKROHFHOO FDWDO\VWV FUXGH RU SXULILHG VROXEOH

HQ]\PHVROXWLRQVRUDQLPPRELOL]HGSUHSDUDWLRQFDQKDYHDJUHDWLPSDFWRQERWKWKHDFWLYLW\DQG
WKHVWDELOLW\RIWKHFDWDO\VW2QWKHRWKHUKDQGWKHFKRLFHRIIRUPXODWLRQDOVRFRPHVZLWKDFRVW
WKDW FDQ DIIHFW WKH IHDVLELOLW\ RI WKH SURFHVV ,QWHUHVWLQJO\ WKLV PHWKRGRORJ\ PLJKW DOVR EH
XVHIXOIRUEHQFKPDUNLQJHQ]\PHIRUPXODWLRQVZLWKGLIIHUHQWVSHFLILFDFWLYLWLHVLQRUGHUWRDVVHVV
WKHLUVXLWDELOLW\IRUSURFHVVLPSOHPHQWDWLRQ
,W LV LPSRUWDQW WR XQGHUVWDQG WKDW DQ LQGLFDWLRQ RI NLQHWLF RU VWDELOLW\ OLPLWDWLRQV IRU D
KHWHURJHQHRXV HJZKROHFHOO RU LPPRELOL]HG ELRFDWDO\VW DSSOLHV WR WKH FDWDO\VW DV DZKROH
UDWKHU WKDQ WKH VSHFLILF HQ]\PH &DWDO\VW NLQHWLFV DQG VWDELOLW\ IRU VXFK SUHSDUDWLRQV DUH D
FRPELQHGHIIHFWRIWKHXQGHUO\LQJHIIHFWVRIHQ]\PHNLQHWLFVDQGVWDELOLW\DQGDQ\PDVVWUDQVIHU
OLPLWDWLRQVWKDWPD\DSSO\ WR WKHFDWDO\VW LWVHOI LHH[WHUQDODQG LQWHUQDOPDVV WUDQVIHU LQWRD
SDUWLFOHRUSHUPHDELOLW\RIDFHOOPHPEUDQH$VDFRQVHTXHQFHWKHNLQHWLFVDQGWKHVWDELOLW\RI
DQHQ]\PHFDQEHTXLWHGLIIHUHQW LQ WKH VROXEOH IRUPFRPSDUHG WR WKHEHKDYLRUH[KLELWHGE\ D
ZKROHFHOORULPPRELOL]HGSUHSDUDWLRQ,WLVQRWSRVVLEOHWRGLVFHUQWKHVHHIIHFWVZLWKWKHSUHVHQW
PHWKRGRORJ\ZLWKRXWPRGLI\LQJ WKHSUHSDUDWLRQ LQ VXFK DZD\DV WR FKDQJH WKH UHOHYDQWPDVV
WUDQVIHUHIIHFWVHJE\FKDQJLQJSDUWLFOHVL]HRULQFUHDVLQJSHUPHDELOLW\
7KH VLPXODWHG UHDFWLRQV XVHG WR LOOXVWUDWH WKHPHWKRGRORJ\ )LJXUH DUH EDVHG RQ UHDFWLRQ
NLQHWLFVIRUDQLUUHYHUVLEOHUHDFWLRQWKDWZLOOJRWRFRPSOHWLRQEDUULQJWRWDOORVVRIDFWLYLW\GXHWR
LQDFWLYDWLRQ +RZHYHU WKH VXJJHVWHG PHWKRGRORJ\ LV IXOO\ DSSOLFDEOH WR WKHUPRG\QDPLFDOO\
OLPLWHGUHDFWLRQVDVZHOO7KHLPSDFWRIFDWDO\VWORDGZLOOEHWKHVDPHIRUDQHTXLOLEULXPUHDFWLRQ
DVIRUDQRQUHYHUVLEOHRQH)XUWKHUYDU\LQJWKHVXEVWUDWHORDGVKRXOGQRWIRUFKDQJHVZLWKLQDQ
RUGHU RIPDJQLWXGH GUDVWLFDOO\ DOWHU WKH HTXLOLEULXP FRQYHUVLRQ LQPRVW FDVHV+RZHYHU FDUH
VKRXOG EH WDNHQ ZKHQ FKRRVLQJ VXEVWUDWH FRQFHQWUDWLRQV ZKHQ VWXG\LQJ WZRVXEVWUDWH

HTXLOLEULXPUHDFWLRQVEHFDXVHFKDQJLQJWKHFRQFHQWUDWLRQRIRQO\RQHRIWKHVXEVWUDWHVLQVXFKD
FDVHFDQFKDQJHWKHH[SHFWHGFRQYHUVLRQ
7KH PHWKRGRORJ\ SUHVHQWHG LQ WKLV ZRUN LV LQWHQGHG DV D FRPSOHPHQW WR HVWDEOLVKHG
H[SHULPHQWEDVHGHYDOXDWLRQPHWKRGVWKDWDUHXVHGWRVXSSRUWSURFHVVGHYHORSPHQW8OWLPDWHO\
WKHEHVW WRRO IRU WKH WDVN DW KDQG VKRXOGEHXVHG D VLQJOH HQGSRLQWPHDVXUHPHQW FDQ WKXVEH
VXIILFLHQW WR YHULI\ WKDW WKH UHDFWLRQ DFKLHYHV WKH UHTXLUHG SHUIRUPDQFH LQ VRPH FDVHV2Q WKH
RWKHU KDQG LI GHWDLOHG LQIRUPDWLRQ UHJDUGLQJ WKH NLQHWLF SDUDPHWHUV RI WKH FDWDO\VW LV UHTXLUHG
IRU H[DPSOH WR HYDOXDWH WKH VXFFHVV RI D VSHFLILFPRGLILFDWLRQ WR WKH SURWHLQ DQ LQLWLDO UDWH
H[SHULPHQW XQGHU FDUHIXOO\ FRQWUROOHG FRQGLWLRQV LV OLNHO\ WKH PRVW SUDJPDWLF RSWLRQ 7KH
PHWKRGRORJ\SUHVHQWHGKHUH LV WKXVPHDQW WRSURYLGHDQDOWHUQDWLYH OLPLWHGHIIRUW DSSURDFK LQ
FDVHVZKHUHPRUHTXDOLWDWLYHLQIRUPDWLRQLVUHTXLUHGWRSURYLGHDVHQVHRIWKHFKDUDFWHULVWLFVRI
WKHUHDFWLRQV\VWHPRILQWHUHVWXQGHUSURFHVVFRQGLWLRQVDQGWRJXLGHIXUWKHUH[SHULPHQWDWLRQDQG
GHYHORSPHQWZRUN
&RQFOXVLRQV
7KHPHWKRGRORJ\SUHVHQWHGLQWKLVVWXG\SURYLGHVDIDVWDQGHIILFLHQWPHDQVRIFKDUDFWHUL]LQJ
WKHSHUIRUPDQFH DQG OLPLWDWLRQVRIDELRFDWDO\WLF UHDFWLRQV\VWHPXQGHUJLYHQFRQGLWLRQVZLWK
PLQLPDO H[SHULPHQWDO HIIRUW 7KLV LV XVHIXO IRU ERWWOHQHFN LGHQWLILFDWLRQ LQ VXSSRUW RI IXUWKHU
GHYHORSPHQW ZRUN EXW ZH ZRXOG DUJXH WKDW WKLV W\SH RI LQLWLDO FKDUDFWHUL]DWLRQ VKRXOG DOVR
SUHFHGH DQ\ LQGHSWK VFLHQWLILF LQYHVWLJDWLRQ )RU H[DPSOH LW LV LPSRUWDQW IRU DQ\ VWXG\ RI
HQ]\PH NLQHWLFV WR HQVXUH WKDW WKH LQWULQVLF NLQHWLFV GLFWDWH UHDFWLRQ SHUIRUPDQFH UDWKHU WKDQ
FDWDO\VWVWDELOLW\RUVXEVWUDWHPDVVWUDQVIHU
0DWHULDOVDQG0HWKRGV

6,08/$7,216 5($&7,21 .,1(7,&6 $1' 67$%,/,7< 02'(/6 7KH VLPXODWHG
UHDFWLRQ WUDMHFWRULHV XVHG WR LOOXVWUDWH WKH PHWKRGRORJ\ SUHVHQWHG LQ WKLV VWXG\ DUH EDVHG RQ
VXEVWLWXWHG HQ]\PH SLQJSRQJ ELEL NLQHWLFV XVLQJ NLQHWLF SDUDPHWHUV GHWHUPLQHG IRU D
JOXFRVH R[LGDVH *2[EDVHG UHDFWLRQ 7KH VLPXODWLRQV DOVR LPSOHPHQW PRGHOV IRU HQ]\PH
LQDFWLYDWLRQ ZLWK SDUDPHWHUV VHW PDQXDOO\ WR SURGXFH FKDUDFWHULVWLF EHKDYLRU )LQDOO\ D EDVLF
PRGHOIRUR[\JHQWUDQVIHUIURPJDVWROLTXLGSKDVHEDVHGRQN/DKDVEHHQLPSOHPHQWHGXVLQJ
SDUDPHWHUVGHWHUPLQHGLQRXUODERUDWRU\ZKLFKFRUUHVSRQGWRZKDWFDQEHIRXQGLQOLWHUDWXUH
*2[FDWDO\]HGR[LGDWLRQRIJOXFRVHZDVVLPXODWHGXVLQJWKHPRGHOVKRZQLQHT
ௗௌ
ௗ௧
ൌ െ ௞೎ೌ೟ήாήைమ಼ಾೄ
ೄ ήைమା௄ಾೀାைమ
 HT
ZKHUH 6 2 DQG ( DUH WKH PRODU FRQFHQWUDWLRQV RI JOXFRVH GLVVROYHG R[\JHQ DQG DFWLYH
HQ]\PH UHVSHFWLYHO\NFDW LV WKHDSSDUHQWPD[LPXPVSHFLILFDFWLYLW\RI WKHHQ]\PH.02 LV WKH
ELQGLQJFRQVWDQWIRUR[\JHQDQG.06 WKHDSSDUHQWELQGLQJFRQVWDQWIRUJOXFRVH
&RPSHWLWLYHDQGQRQFRPSHWLWLYHLQKLELWLRQZHUHVLPXODWHGE\LQWURGXFLQJDSSDUHQWFRQVWDQWV
IRU.06DQGNFDWVKRZQLQHTDQG
݇௖௔௧ǡ௔௣௣ ൌ
௞೎ೌ೟
ଵା ೔಼೔ೠ
 HT
ܭெௌǡ௔௣௣ ൌ ܭெௌ ή
൬ଵା ೔಼೔೎
൰
൬ଵା ೔಼೔ೠ
൰
 HT
ZKHUHL.LFDQG.LXDUHWKHLQKLELWRUFRQFHQWUDWLRQZKLFKFDQEHHTXLYDOHQWWRWKHVXEVWUDWHRU
SURGXFWFRQFHQWUDWLRQDQGFRPSHWLWLYHDQGXQFRPSHWLWLYHLQKLELWLRQFRQVWDQWVUHVSHFWLYHO\
*UDGXDO ORVV RI DFWLYLW\ZDV VLPXODWHG E\ DSSO\LQJ UDWH H[SUHVVLRQV IRU WKH GHFD\ RI DFWLYH
HQ]\PH 7KH VLPSOHVW PRGHO DSSOLHG ZDV D ILUVW RUGHU ZLWK UHVSHFW WR DFWLYH HQ]\PH
FRQFHQWUDWLRQUDWHPRGHOVKRZQLQHT

ௗா
ௗ௧
ൌ െ݇ௗ ή ܧ HT
ZKHUHNG LVWKHUDWHFRQVWDQWIRULQDFWLYDWLRQ7KLVPRGHOUHVXOWVLQFODVVLFDOH[SRQHQWLDOGHFD\
RIWKHDYDLODEOHDFWLYHHQ]\PH
)RUDFRQYHUVLRQGHSHQGHQWLQDFWLYDWLRQUDWHUHOHYDQWIRUH[DPSOHZKHQWKHUHDFWLRQSURGXFW
KDV D GHOHWHULRXV HIIHFW RQ WKH HQ]\PH DQ H[SUHVVLRQ WKDW LV ILUVWRUGHUZLWK UHVSHFW WR ERWK
DFWLYHHQ]\PHFRQFHQWUDWLRQDQGDQLQDFWLYDWLQJDJHQW' VKRZQLQHT
ௗா
ௗ௧
ൌ െሺ݇ௗǡ௑ ή ܦሻ ή ܧ HT
)RUSURGXFWGHSHQGHQWLQDFWLYDWLRQ'ZRXOGEHHTXDOWRWKHSURGXFWFRQFHQWUDWLRQ
7RWDO WXUQRYHU W\SH LQDFWLYDWLRQZDV DOVR FRQVLGHUHG ,Q WKLV FDVH WKH UDWH RI LQDFWLYDWLRQ LV
OLQNHG WR WKH UDWH RI UHDFWLRQ VXFK WKDW D FHUWDLQ IUDFWLRQ RI FDWDO\WLF F\FOHV UHVXOW LQ DQ
LQDFWLYDWHGHQ]\PH7KHFKDUDFWHULVWLFPHDVXUHIRUWKLVW\SHRILQDFWLYDWLRQLVWKHWRWDOWXUQRYHU
QXPEHU 771 ZKLFK GHVFULEHV WKH DYHUDJH QXPEHU RI FDWDO\WLF F\FOHV WXUQRYHUV IRU HYHU\
LQVWDQFHRILQDFWLYDWLRQDVVKRZQLQHT
ௗா
ௗ௧
ൌ ଵ
்்ே
ή ௗௌ
ௗ௧
 HT
7KH ILQDO W\SHRINLQHWLFV WKDWZDV FRQVLGHUHGZDV WKH UDWHRI VXSSO\RI D VXEVWUDWH IURPDQ
DX[LOLDU\SKDVHPDVVWUDQVIHU OLPLWDWLRQ7KHUDWHRIPDVVWUDQVIHU LV W\SLFDOO\SURSRUWLRQDO WR
WKHGLIIHUHQFHLQFKHPLFDODFWLYLW\EHWZHHQWKHWZRYROXPHVSRWHQWLDODQGWKHDUHDDYDLODEOHIRU
WKHIOX[DQGLQYHUVHO\SURSRUWLRQDOWRWKHFKDUDFWHULVWLFGLVWDQFH7KHPRGHOFKRVHQWRH[HPSOLI\
WKLV GHVFULEHV WKH UDWH RI R[\JHQPDVV WUDQVIHU 275 IURP JDV WR OLTXLG SKDVH LQ DQ DHUDWHG
V\VWHPDVVKRZQLQHT
ܱܴܶ ൌ ݇௅ܽ ή ሺܱଶכ െ ܱଶሻ HT
ZKHUH2 LVWKHGLVVROYHGR[\JHQFRQFHQWUDWLRQ2 LVWKHVDWXUDWLRQFRQFHQWUDWLRQRIR[\JHQ
LQ WKH OLTXLGSKDVH DW JLYHQ FRQGLWLRQV HJ WHPSHUDWXUH SDUWLDO SUHVVXUHRIR[\JHQ LQ WKHJDV

SKDVHZLWKZKLFKLWLVLQHTXLOLEULXPDQGN/DWKHR[\JHQPDVVWUDQVIHUFRHIILFLHQWZKLFKLVDQ
HPSLULFDOO\GHULYHGSDUDPHWHUIRUWKHH[SHULPHQWDOVHWXSOLQNHGWRUHDFWRUGLPHQVLRQVDHUDWLRQ
UDWHDQGDJLWDWLRQSRZHULQSXW$QDGGLWLRQDOUDWHH[SUHVVLRQZDVUHTXLUHGWRGHVFULEHWKHFKDQJH
RIR[\JHQLQWKHV\VWHPVKRZQLQHT
ௗைమ
ௗ௧
ൌ ܱܴܶ ൅ ଵ
ଶ
ή ௗௌ
ௗ௧
 HT
ZKLFK LV WKH VXPRI R[\JHQ VXSSOLHG WR WKH V\VWHP DQG WKH R[\JHQ WKDW LV FRQVXPHG LQ WKH
FRQYHUVLRQ RI VXEVWUDWH %HFDXVH RI WKH VWRLFKLRPHWU\ RI WKH UHDFWLRQ WKH HIIHFWLYH R[\JHQ
FRQVXPSWLRQ UDWH LV KDOI WKDW RI WKH VXEVWUDWH FRQVXPSWLRQ UDWH EHFDXVH RI WKH FDWDODVH VLGH
UHDFWLRQ
7KHV\VWHPRIGLIIHUHQWLDOHTXDWLRQVIRUVXEVWUDWHFRQYHUVLRQUDWHHQ]\PHLQDFWLYDWLRQUDWHDQG
R[\JHQ WUDQVIHU UDWH ZDV VROYHG QXPHULFDOO\ WKURXJK D VWHS VROYHU IRUZDUG (XOHU PHWKRG
LPSOHPHQWHGLQ0LFURVRIW([FHO7KHVWHSOHQJWKIRUWKHVROYHUZDVFKRVHQVRWKDWQHLWKHURIWKH
SDUDPHWHUV6RU2FKDQJHGPRUHWKDQLQDVLQJOHVWHS
6RPH RI WKH SDUDPHWHUV XVHG LQ WKH VLPXODWLRQV NFDW .06 DQG .02 ZHUH GHWHUPLQHG
H[SHULPHQWDOO\ LQ D 7XEHLQ7XEH IORZ UHDFWRU XQSXEOLVKHG GDWD K 0 DQG
P0UHVSHFWLYHO\7RVLPXODWHUHDFWLRQNLQHWLFVZLWKKLJK.06WKLVSDUDPHWHUZDVLQFUHDVHG
WR0.LFDQG.LXRIDQGP0UHVSHFWLYHO\ZHUHLQWURGXFHGWRVLPXODWHFRPSHWLWLYHDQG
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